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TKLECOMMUNICUrONS N'!!:UA F^R Tlir PPLIVHRY OF 
E I>UCAT ION A I P i^O(^R.\MM I \C 

1. INTRODIKTIO N 

This p-iper examines the technical .-haractcri .;t ics of various 
telecomsnunications media which night he incon^oratcd into a network fo>- 
the delivery of educational profiranTnin,;:. Hducational networks may be 
able to provide flexible, yet low-co.^t . delivery of educational services 
Tcleconununications network.; for the delivery of education would allow 
>haring. to utilize -^ore efficiently t^.e l:-ited resources that are 
available to the educational sector, while providing all segnents of t';c- 
educational community acces.? to high-quality instructional services. 
Through its great flexibility and diversity, telecommunications techno- 
logy can make education available to nore people and more relevant to 
individual learner interests. A cornuni ;at ions-based delivery systcr 
:ould -^ervc learners whose schedules. locations or ;oh responsibilities 
limit participation in the traditional cducatior system. 

The term, "educational network," as we use it, means an entity con- 
sisting of sets of connections between separate locations, a structure 
that dictates the direction of the flow of information within the 
network, u'd ;i ^et ot torminal" throu^'" vh ; Vv-irrvrs can ultiratf- 
receive information. 



Ml facets of the nctworV are hiijhly dertMiiient upon the typo of 
instructional Tutorial to be carried by the network. An educat ional • . 
network might he as siniple as an VM broadcast radio station transmitting: 
musical selections and lectures having mass appeal to learners in a 
>ev, ral*state area. On the other hand, an educational network might 
comprise a dedicated cable or microwave system, over which learners 
can request individual i::ed com.puter- aided instruction or select and 
read any document in a mi 1 1 ion- vo lume library from interacti>'e '''.ermir.'i I 
located in their homes. The range of services which might be offered 
jver educational networks is ultimately limited only by the amount 
user Support the services are ible to generate. 

As a prelude to the design and assessment of future educational 
networks, both established and presently developing electronic tele- 
communications media which can carrv* educational programming must be 
considered. EacH of the different media has particular characteris- 
tics which determine its networking requirements and costs, :-x.imples 
of t:v:s*^ jhiractcri "i cs :^re ''^in'.'width renuire '^o^ts , corn^oxitv o** 
plant and terminal euuipment , .md programming development nnd selcc*-io*". 
Thus. '*eforo designing a network to deliver a narticular set of 
educational services, the services and the media which can carr>' them 
Tu.st ^e examined; they will determine the specifications which the 
network must satisfy. This paper will examine the various tolecnmjrun i - 
j.iti''''^^ mcd^'i w^;ic^^ nv^:ht he used to deliver educational servicvvs^ wrC 
w: ; ; Jl-cu^^ t^'-cir costs and network requirements in an atte-T^pt to 
"10^ 1^ \ ^:':ide ^r^r t'^e do^i r,n of f^uture educational networks. 

-^^,^4.,,,^. P ^P^^! - 4.%,^^ niper consi^lcr thc^ ^roadca^^t *^er'u'J: 
'^idio, r,^c:'. 0, and VM'- and V*M!- television. Alt^ou^h the hroad^-a^* 



meJla are *nvv<tlv limited to non- interact ive rro^^ruiAninj;, tliey allow 
educational progranmirijj to be delivered to l:irj;e immbors of learner^ 
spread over areas now impractical to serve by other rreans* In addition, 
learr^^er^ii can receive the educational procror.ninkT over exist ire receivers 
making the ner-user costs of receivinj: pro;rxnnin>> snail in general* 
The co5ts and coverage abilities rx^ssi^le for educational broadcast 
stations are considered, alon^; with the channel capacity and number 
ch.irnel.s available. !:xanpl'?s of educational broadcast inc networks, \r> 
which individual stations cooperate in producing; x\d sharing educa- 
tional pr.^^rirr.in^ , are also considered. 

.■Section \ of this paper deals w:t:: conput er-aided instruction fCAI,"^ 
ir. educational seri'ice which has the i^ility to deliver individualized 
instruction to learners by allowing then to interact with an education- 
al cornputer system* The section discusses two existing systems capable 
doliverin? interactive educational pro^rar.T.irv' , TICCTT and PLMO IV, 
Dutiinms; their configurations, costs, and other design considerations. 
In iddition, the Bell Syste?^*< Picturephonc^ \ a telecommunications 
Tiedium which adds the video dimension to audio telephone service, is 
examined for possible use in delivering educational services* 

Vp^Iicatior of interactive network; to iibrar>' systems is exarircJ 
1-^ ^octi ^'icroforr "rechncloj^y , wh::h could reduce !arj;c librarTC-' 
int'.^ I phy^ic'itly r^uch smal ler , ine-accessible dccunx^nt collection, 

jd. The requirements of the network corrponents w^t'" re^^ir;' 
to tbe retrieva! of individual documents, minimiim accc^>t?ible ^ar.c 

'i*^'.'-! T.' *'rin tex*:ual imnt;c' *:n rer^C'*? ':"vr * er"" : n •> 1 , ar<* also 
;:or. ; • dor'^:!. The ^.'ow York T-'me^^ Infornatior. Rnnk , a comruter i "ed 



interactive :nvU*\ -^^-^tor! having: t^ic abiliT> to list roK'vaiit Jocumoi^t . 
m Its i :m>c accorJmg to user^suppliod sub;cct Jo^cr :pt i'Vis , ' 
c^x.inunod r-^r possible use in interact ive 1 i^^rary sv steins. 

!'inallv. the paper has two appendices. The first brieflv oMtli^^-^s 
<crtic basi-: *'^rinciples of corir.un leaf ion theory fur tht^ nurpose of 
the reader .i". understanding; of the technical tradeoffs involved \v * 
.le^iiip^i v"f ^ educational nedia disciissej :n the m:\\n ^^odv of the 'vip* v 
::v -eco!^d appendix descrihes the operatif>n of PI^VTO IVs randorii acce>- 
.T.acje ^cector and rando**: access audio systen, devices which allow 
;er-iat CM to he transmitted over ordinary telephone lir.cs* 



Traditionally, educational services havt- Seeri brought into the home 
through educational radio and television. These services provide 
cultural and educational prov^ramrin^ over large areas, at no charv:e to 
those having appropriate receivers. Thi'^ section delineates costs aiid 
technical considerations in 'odi:c-it i ona I radio. 
2. I INTRODUCTION 

As of 19^0, there were twenty- five .V! ^ anj:)! itude nodulation) and 
i32 FM (frequency modulation'! educational radio stations in the United 
S':ates. fl' There are so few .VV vducat 1 oriiil stations because, since 
19^0, the Federal Communications Cor.:^:s,- ion fPCC ) has discouraged the 
use of the \M broadcast band ^Hz to 1605 ^^yiz) for educational 

radio. preferriPA^ to assign frequencies in the portion of the FM broad- 
case '"»and reserved for educational radio (SS ^IHz to 92 MHz), "unless 
:t : - shown thtTL' is a special ntjcd for the use of amplitude modula- 
tion." (1} However, AM educational radio is best used in covering 
large areaii of low population density; .\M radio can typically cover four 
tirDCS the area of an equally powered radio station. In such cases, 
.ts l^wer fidelity ^3 '<^^'" bandwidt^' ^or AV versris 13 ^Hz bandwidth for 

Lvd noise level would he .icjortahlc !)ccause of the pract'cal 

novd *:..o j':vor i t^iven po'^ulatod area e^ono'^^icil ly . 

'^h^<^ section will diiicus? the U5c of '-broadcast radio to disser^iratc 
educational services. Some of the educational radio "letwrrk:- which -^avc 
been established to facilitate the excharsje of h ij;h-qual ity educational 
!:^r^i5rarnnine between ineTnbcr station^^ are exaTrincd. '^he technical char'*:- 
t':^r:sti.c> and co >ts for FV and VV educational -adio ar'.^ considered, anc' 



the two services are comrareU In attempt to outline their best use 
:n delivering; educational services. 
:.: EDUCATIONAL R.\D10 NtTVv'ORKS 

Traditionally, educational radio h:is suffered frorr: lack of tunds, 
which prevented stvitions froiv. ^eneratini; la^j^e quantities of high qualitv 
progr;mn^.in J, , In response, nany networks have been established for t!u^ 
purpose of distributing quality programninj^; , either throuv^,h the mails or 
throuijh leased transmission lines. The National Educational Radio 
Network ';.Nl;RN^ is a national organization of educational radio stations 
whi.-n are served through the network headquarters in Urbana, Illinois, 
r^rou^h exch:ij:ge of tape-recorded procjrams , it provides its affiliates 
'Aith a n^inir.uTi of 865 hours of new programming per quarter. The Hastcrn 
"ducational Radio Network (EERN) is a group of Eastern radio stations 
which exchange recorded prograrns, cooperate in the production of shows, 
ird occasionally interconnect studios to provide live remote pro- 
i^ramnxng. (Ij 

The Corporation for Public Broadcasting forrned National Public Radio 
^NPR; in 1970 to provide national network prograinining for non-connercial 
public ridio stations. Affiliation requires meeting transmitter power 
and scheduled broadcast time standards and requires one-half of a reinbcr 
station's proi^rajTiTTiing to be cultural or educational* The NPR distributes 
pro^r-unnmi through tape exchange and has leased 3.5 kHz bandwidth lines 
^^r""-? VT'V^' to form a nationwide network of twenty-eight member st.i^ior-*. 

kecently, statewide educational televi'^ion networks have boe^ est.)'^- 
lished or planned for many states in the M.!f!. Hiese networks, i :i 
iddition distributing; television programming, could also distribute 
!ow-bandwidth programming ^uch as radio at marginal costs. 



2.5 FM rDUCVriONAL RADIO 

In 194^. when the FCC estaSiished tho present FM (frequency modulM- 
tion) commercial broadcast band, It resorvoj twenty 200- kHz channels 8s 
MHi to 92 VQiz) m the FM broadcast ba-nd oxclusivelv for educ;!t it.r^i! 
use* These channels offer edi:cator5 t::e opportunity to broadca.st much 
higher-uuality programming than can broadcast over the ;\M broadcast 
channels. \<hilo earh channel in the AM broadcast bond is limited to a 
ten-kHi bandwidth [which corresponds to one channel of five-kH* band- 
width programming), each 200-'kH2 bandwidth FM broadcast channel can 
carry up to three channels of f ifteen-5*^Hz bandwidth programming. Thus, 
FM broadcast radio is able to distribute high-fidelity monophonic or 
stereophonic programming. In addition, due to FMVs ability to trade 
bandwidth* for noise immunity (2), FM radio i^ able to give noise-free 
reception over its prime coverage area. FM, however, is received in 
Its prime coverage area only by direct propagation (that is, essentially 
along lines of sight from the transmitting antenna), which greatly limits 
its prime coverage area. This makes FM broadcast radio primarily a 
metropolitan service; reception over large distances requires sophisti- 
cated receiver^* and roof-top or tower-mounted antennas • 

Due to the need to combat the high levels of man-made noise in 
metropolitan areas, the FCC finds ''service may be provided by signal of 



*In .AM broadcast radio, the ratio of channel bandwidth to program banc- 
width if, ten-'<*M" to five-kHz or 2:1, FM '^roa^Icnst radio, on the other 
hand, with its three possible channels of fifteen-kHz bandwidth pro- 
gramming per 200^ kHz bandwidth broadcast channel, has a ratio of' 
channel bandwidth to program bandwidth of 200*kHz to 4S-kMz, or 4.4^:1. 
Thiis hig:^er channel bandwidth to program ^-indwidth ratio is rcspons : ! o 
for -M'.-; ahilitv to provide rolativolv noi-'e-froe nro^:;rammini^ , 



1 mv./!T>etor or greater in metropolitan areas." (>) Table M list*^ the 
maximur. ycwer and antenna heii;hts for tho various FCC classes of 
stations, while Table 1.: lists the priine coverairo area which :an V 
exr>ected from each. 

Table 2.1 lists the prograr.ming equipment needed for a typical TV 
broadcast studio, with equipment prices estimatod where possible. \s m- 
Table J for W. building costs (rent. heat, utilities, soundproofing, 
-tc^ are not included. Table :.: surjnari^es tvpical transi^itter costs 
ror given yower levels. Transnitti nv; :intenna prices are determined by 
the polarization and directional j;ain requ^'red, and vary from $70C to 
$1^.000. [i) Tower costs (where applicable*) run from SlOn to $300 per 
foot of tower height, depending upon the condition and location of the 
antenna site. :ind upon any tower options desired. (5) The cost of the 
transmission line connecting the transmitter to the antenna varies from 
S65 to Sl-5 per twerity foot section. (4) The cost of the audio channels 
rtvT^ically point-to-point dedicated microwave or Class AAA telephone 
lines; rs) needed to connect the studio to a remote transmitter and 
antenna varies depending upon the locale and distances involved; this 
cost has not been included. Table 2.3 lists typical personnel recuircd. 
2.4 VM EDUCATIONAL R.\DIO 
2.1.1 Area of Covcrasje 

The ^'CC defines the "primarv service area" of an .\Nt radio statlo'^: 
^'^^^ .jre-i in which reception is not subject to ohjectiora''lo ^px' -r 
or interference. (10) AM radio signals propagate both by ^roun^wnve 



'B^^cau-^e of -heir relatively sr^all s i :e , fM antennas can often be -.'^c-t 
on *^xi>tin? towers; in this case, the cost of rent in?, the tover 
^race vniiH be substituted for tb^ co'.t of a dedicate! *owor. 
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TaMo 1.1 

Restriction q t' J\M Jransmitter Power 

ind 

A ntenna Height i'v V-CC Class of Station ((Q 

Station Clas s Max. Power ('.Vatts) Max. Antenna Hoii^ht ( ft 

A 3,000 300 

B 50,000 SCO 

C 100,000 .2000 

D 10 --* 



*As Class D stations are generally limited in audience to an institution 
(e.g., a college campus) , no mayimun antenna height or coverage figures 
can be given. 
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Tablo 1.: 

r rime Coverage Radii and Area fo r 171. 



'ransnittor Power 



Antenn i !! 



(A>voraj;c liaJius 
1 n : 1 o s ) 



('ovor:i):c \rca 



14 



300 



33 



2 1 



1-0 



1 000 



48 



:oo(! 



12468 
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Table 2.1: Cost of Typical Educationa l FM 

Prograipniing" tquipmeiit (8) T^l 

fig-'oV 



Quantities Total Cost ($) 

Studio Prcduction Room 



Microphones 

Microphone Hardware 

Audio Mixers 

Turntable with 
tone arm and 
cartridge 

Reel-to-Reel 
Tape Recorder 

Cartridge Tape 
Recorder 

Headphones 

Monitor .Amplifier 

Speakers 

Maintenance and 
Test Equipment 



2 
I 
1 
2 



450 
90 
6400 

1400 

4000 

3400 
180 
250 
500 

3000 



Total $19,670 
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Table 2.2: T>-pical FM Transmitter Costs 
versus Outnut t'ower Level 
THTTTl 



Transmitter Output Power 



1 



kW 



5 

10 kW 

20 kW 

40 kW 



C o,^ts 

$ 7870 + $ 200 for spare tubes 
SI 5, 745 * ^ 531 for spare 
$20,995 + $ 661 for spare " 
^28,345 ♦ $ 767 for spare 
$64,950 + $1534 for spare " 



A dditional Transmitter Equipment Required (8) (9 ) 

Cost 

$600 

$lS00/$2500 

$1100 
$500 



•Needed if station broadcasts SCA. 
•♦Needed if station broadcasts in stereo. 



Type 

''-^requency Monitor 

Mono/Stereo Modulation 
Monitor 

SCA Frequency and 
Modulation Monitor* 

Multiplex Monitor ** 
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Table -.3: Typical Personnel Requirements for 
an FM Educational Broaclcast Int; 
Station (8) 



Type (full-time) 



Number 



Estimated Annual Salary (19741 



!]eneral Manager 



Chief Engineer 



Programming Personnel 



Announcers 



Secretary/ Receptionist 



$15,000 
$10,000 
$ 7,500 each 
$ 7,500 each 
$ 6,000 



Note: Depending upon the amount and type of programming originated 
locally, additional full- and/or part-time personnel might 
bo required. 
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!^ropa.i;at ion (ovt?r the elcctrlcaL *'lino of sifiht" from the antenna) > ;mJ 
by a phenoneno!\ known as *^skip" propagation (by houncinp !>etweon the 
earth's 5ur 'a;'e :u)U the ionsophere^ . Groundwave propayation is not 
subject of "faJinc'' - ranJom signal level changes. Skip pronaj?,at ion . 
on the otMer hanc*, is sub^ect to fa^inij due to choiiiiing ionospheric 
oonditions .anj due to multipath distortion.* Thus, the primary service 
area of an station is linited to its groundwave coverage area. 

Interference, the second ten?, in the FCC definition, is caused 
bv natural electrical phenomenon (e.g. lightning discharges) and by man 
nade olectrical equipment le.g. fluorescent lamps, automobile.^, etc.) 
.whenever energies in the AM broadcast band are created. Natural inter- 
feren-o varies seasonally (there are more lightning storms in the sumrie 
than the winter), and due to the large amounts of energies involved, 
-Overs large regional areas, while man-nade interference understandably 
IS i;reater in densely populated areas than sparsely populated areas, 
and is generally local in nature due to the small amounts of energy 
involved. 

The amount of interference is measured by the ratio of received 
Signal strength to received noise. Signal strength can be computed by 
the eauation STjajnivolts/ meter) = A/r", where A is the signal 
^trcncth ir. T.illivolts ner meter fmv, /meter) one mile frcn the antenn-^, 
and r is the distance from the antenna in miles. Noise interference, 



''If two or more parts of the wiive follow slightly different r-it'^? t*^ 
receiving noint, the difference in path lengths will cause ;i nhaso 
difference between the wave components at the receiving ant^^nn.-i. ""^^ 
total strength of the received signal will *'he vector svn o** t-"^; 
recei /ed coirrponent s , and can be greiter or less thnr any onv of 
individvi.il wave components; thcv rr^ny interfere* co-* *o"iic* ' vo ■ y '^r 
destructively with each other. 



because it is unpredictable, is k;eneraUy measured at the particular 
location of interest and an average value of noise is computed^ 

For year-round acceptable reception in rural areas (a vjood use for 
A>t radio), the FCC states a minimal signal strength of fT>v, /meter 

is necessary. (^11} This statement assures that the average value of 
noise interference in rural areas is x\\c same everywhere. From j^rar^hs 
surplied the FCC (i:>. the prime JCAerages specified in Table 3.2 
are available for the different classes of AV radio station as a func- 
tion of soil conductivity. The avera^^e value of j (the conductivity of 
^oil in mhos per meter) is 10 " for m.oist soil and 10 ^ for dry soil. ^1 

The coverage ficjures given in TaMe 3.2 are approximations of the 
prime coverage areas which can be expected for a given class of ANt 
station and ^iven ground conditions; the actual prime coverage area can 
be larger or smaller, depending upon local geography. Reception outside 
the £;iven ureas is possible, Sut reception becomes poorer as one gets 
further from the transmitting aJitenna(s) . For educational radio pur- 
poses, coverage will be considered to '^c only the prime service area. 
Similar coverage figures can be derived for urban areas, but this wil' 
not be done in this report, as any broadcast radio services for urban 
ireas could be provided by FM radio; ^'^^ radio, with its higher bandwidth 
and relative noise immunity, is preferr^^d for nrovidinp broadcast aud'O 
services , 

2,4.2 Typical Costs for AM Radio 

Table 4.1 lists the programming equipment needed for a ty^>.cal 
educational .\M broadcast studio, with equipment prices ostim,atcd wh-r 
pos'iiblv^. Building costs (rent, Mtilitie*, soundproofing, etc.) "<rc -^o* 
included. As transmitter costs vary accordirv,.? tho power outpu* o*' 



Tablo 3.1 

■VM Power Restrictions b y J<-X J.i cc^s_e_tl^lji^^j^ jj,^^^^^ 



Class of Station rcrnissiblo {ffcctivc 'Radiated :\v.\vr 
I SO KW 

II 10-50 K'V 

TV .25- 1 KK 



ERLC 
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Tab^.c 4.1: Co5t of T>T)ical Educational A.M 
PrograironinK L'quirment 



Q uantities 
ud i o V roduc t\onRooTr 



Total Cost 



Microphones 

Microphone Hardware 

Audio Mixers 

Turntable with 
tone arm and 
cart r:d^,e 

Reel-to-Reei 
Tape Recorder 

Cartridge Tape 
Recorder 

rleadphone:^ 

Monitor -Virolifier 

Speakers 

viaintenance and 
Test equipment 



450 
90 
5000 

1400 
4000 

150 
100 
150 

30C0 



Total $17090 
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the transmitter, prices for several different levels of trans?n\itler 
poser are given in Table 4.2, Antenna tower costs ranjtie from 
$100.00 to $300.00 per foot, depending upon the location and condition 
of the antenna site. Note that multiple towers nay he needed for 
directional antenna arrays. 

The number of types of personnel which would be required to operate 
an .\M educational radio station arc larc;oly dependent on the type of 
programming which is broadcast. Stations which broadcast mostly pre- 
recorded material such as music, syndicated news, etc, would not 
require the large production staff needed by stations that develop most 
of their own programming. A listin)^ of the personnel needed to operate 
a typical AM educational radio station, along with their estimated 
annual salaries, is given in Table t,,^. 

:.5 COMPARISON: AM BROADCAST RADIO VS. FM BROADCAST RADIO 

VA radio has one important advantage over ^M radio. Comparison of 
Tables 1.2 and 3.2 shows that AM radio allows typical!^- four times the 
coverage area of an equally powered FV station, making it more practical 
for rural service applications. Also since many more AM than FM 
receivers are owned, AM radio is able to be received by more people in 
most areas- This fact is especially significant in rural ar^as too far 
from population centers to normally receive FN?. 

Besides interference due to noise, which affects AM more than FM 
because of FV transmission's ability to tradr bandwidth for noise 
immunity, AM radio has disadvantages which deserve mention in that they 
effect the utility of the medium for educational purposes. Unlike 
radio, which has specific frequencies reserved for educational use only, 
>\M educational radio has to vie with commercial broadcast services for 
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Table 4.2: Typical AM Transmitter Costs 
Versus Output Power L evel (^) 

OTOT 



T rax^smitter Out put Power Cost 

0.5 kW $5975 + $ 209 for spare tubes 

i.O kW $6293 * $ 209 for spare tubes 

5.0 kW $21000 + $ 805 for spare tubes 

10.0 kW $22995 + $1035 for spare tubes 

50.0 kW $99950 $3S80 for spare tubes 



Additional Transmitter Equipment Required (8) (9) 

Type Cost 
Frequency Monitor $990 
Modulation Monitor $795 



A Li 
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Table 4.3: Typical Personnel Requirements for 
an aM Educational Broadcasting 
Station (8) 



Type (full-time) 



Number 



Estimated Annual Salarv' (1974) 



General Manager 



Chief Engineer 



Programming Personnel 



.Announcers 



Secretary/Receptionist 



$15000 
$10000 
$ 7500 each 
$ 7500 each 
$ 6000 



NOTE: Depending upon the amount anu t>'pe of programming originated 
locally, additional full- and/or part-time personnel might 
be required. 



channel "^U^reovor, tho ch nMCteri ios of AM dotrctiun (tht* 

->roce.s . b> the infonnation : oxtractcJ fnMM the rcccivoJ ^ i vmk' ' 

nui\t* ,\>! ^noTL' subject to aJjacont cliviiuicl itUortVrciu-o than !'V, If tu.> 
different :M stations are recoiVOvi simultaneously hy the same receiv.^\ 
thx: stronger receiveU signal completely covers the weaker of the tvso mc 
onlv the stronger is received; tiis is called the *Vapture effect/* 
When tw:' station? are received on VV radio, how ver, hoth arc lieard, 
Thi> inter^'erence problem is compounded by AM radio's ability to prorvi- 
i^ate bv bouncing from earth to the ionosphere and back; during the 
ni.^ht, loTVt^er distances are covered l^y this method so that an VM 
<t;ition w'i;C^. durint^^ t'-^^^ day receive'^ no interference may at nii^jU 
rec:-'LV- ob iect lonablc inter feronc^.^ . - l-M's higher transmission fre- 
.raencies eliminate this effect. Thus, the FCC perinits the major 
stations of a region to operate twenty-four hours per day. while lower 
"owerei stations serving onlv pnrt of a region are restricted to opera- 
t:o^. onlv during the daylight hours when there is little chance of 
mut'.iiil interference. This is significant with respect to educational 
stations :n that nost adult continuing education would be carrieJ. in 
the 'M/--ings when its audience is at home. However, unless a powerful 
transTitr-r were available to the .VM educational station, it woul^' ^"^c 
'^eaii: reo! *:o -hvtT. down during', the evening hours, elininatrne. any 
ro^sibilitv of effective adult education. In addition, the low b-^- :- 
Width of AM radio T) kHz), wh:le acceptable for speec!i , does nr^^ p ' '/va 
high fidelity music or stereo recey^tion, which for education a) r.jrrvrcs 
is not necessarv' but in some cases desirable. 

AM ruiio a'^o allow-;; onlv ^.j^n channel r^>r t ransni tter , nr-v'Md-^^-* 
the possibility of multiple programming from any one ^-'.ource- t*^c 



other hand, FM broadcasters have been awarded the use of SCA (Subsidiary 
Communications Authorization) (1) channels allowing: up to three pro- 
grams to be transmitted simultaneously per station (i,e* stereo 
broadcast ♦ one SCA channel, or monophonic broadcast ♦ two SCA channels) 
SCA Programs cannot be received on conventional FM receivers, because 
FM receivers require a special adapter for SCA reception, but they 
offer a convenient format for transmitting programs to specialized 
audiences. Potential uses include education in the home, facsimile 
transmission of newspapers, and providing medical information to 
physicians, (1) 

Summarizing, FM broadcast is superior to AM broadcast for education 
il radio services in all cases except those in which the required 
coverage area is so large that AM broadcast, with its greater effective 
service area, is the only practical solution. 



3. BROADCAST [I DUCAT I ON AL Tt: LEV IS ION 



5.1 INTRODUCTION 

Adding the visual dimension to educational radio, there woro 220 
educational television stations in the United States as of July, 
1972 (14). Educational Television (HTV) can teach some subjects that 
cannot bo taught over educational radio, due to radio's lack of graphic 
display capabilities. Some educators feel that the ultimate promise of 
television may be greater than that of radio for delivering effective 
educational programming: (15) comparison of the two media, however, have 
not always shov^n this to be true. (16) 

3.2 REGUUTIONS 

Very High P'requency (VllF) Television has been assigned twelve 
channels of six-MHz bandwidth by the FCC. These channels, which have 
been designated channels 2 through 13, arc located in six-MHz frequency 
bands between 54 and 216 viH^ . with gaps between 72 and 76 MHz and 
between S3 and 174 MKz (17). Of these twelve channels, a maximum of 
seven (channels 2, 4, 5, 7, 9, 11, and 13) may be used simultaneously 
in any region (IH); this restriction guards against the possibUity of 
interference between stations on adjacent channels. Ultra-High f-requcnc 
rTjHF.: Television occupies fifty-=;ix, six-^Hlz channels 
(designated ch,annels 14 thru 6'.0 in frequency bands between 470 and 
MHz. vvhile tJHF television offers almost five times the potential 

number of channels that VHF does, due to practical problcris discussed 
later, it will be shown that V1!F channels are more desirable than W^'; 
this fact accounts for the low usage of the UHF broadcast band. 

Table 5.1 contains the FCC restrictions on maximum antenna hoi-'^* 
and visual effective radiated power of the various channel a=is i r^""--^ 



Table SA Restriction of HRP and .Xiuenna Height 
bv Television Channel Assignment (20} 



Channel Assignment Maximum ERP Maximum Antenna Ht 



-6 100 (20 ai?k)* 1000 ft,**/2000 ft 



:*.13 316 kW (25 Jbk) 1000 ft.**/2000 ft 



14-69 5 NW (37 dbVT 1000 ft.**/2000 ft 



♦dbk a decibels above I kVi power 

♦*For stations located in Zone which contains Illinois, Indiana, Ohi 
West Virginia, Pennsylvania, Maryland, Delaware, Connecticut, Rhode 
Island, Massachusetts, and portions of Wisconsin, Michigan, New York, 
Vermont, New Hampshire, Virginia, and Maine, (21) 



^For stations located in U,S, and possessions outside Zone I. 



Visual ot'foctiv^.* raJiatcJ power is JcfinoJ ;is tho power output of a 
st.ition's visual transmitter ( ^ovarat t tmii^D! t tors are used tor the 
visual and audio portions of :ho ^^roadcast signal), inultipliod by the 
vjai 1 ot the transmitt Ln>j antenna, [l")} To achieve gain in an antenna, 
the antenna is designed to focus power in some directions, while 
radiating little power in others. (An analogy to this is the reflector 
m a flashl:.;ht, which takes the relatively weak glow of a small 
li>;ht bulb JT.d concentrates it into a powerful beam of light.) Thus 
a one - a* t rans:r.i tter feeding an omnidirectional antenna would have 
an eftective radiated power {V.RP) of one kw, while a one kv; trans* 
Titter foed:r^4 :i directional iintenna with a power gain equal tc 4 
• db) would have an HRP of -l ^-'^ . 

Table " ^jives the Tuaximum limit of coverage for various antenna 
'-^eii^hts a^^iUTjng maxin:uiD HPP to the antenna. Unlike Tables 2,2 and 
5. J for F^-' and ^VM radio respectively, no coverage areas are given. 
This IS be;:ause unlike the AM and FM cases where power limitations were 
on a;^tua! transTiitter oower output and antenna height, allowing cal- 
culation nf tht? ^re^ of coverage as a circle whose radius was the 
::m:t of coverage, for a given HRP, a television station^s area of 
coverage ray or may not be circular, depending upon the characteristics 
:-.;f the ar.tcr^.na. 

The Tnaximun^. limit of coverage for LFHF stations ^channels 14 through 
^o? m Ta'>Ie need^ to bo '-.lUil : f i'-*d as follows: 

I; rhe limits of coverage given in the table are for the 
maximum TPP for the diff'^ror.! I'tannel 



*one ^ ^ one kilowatt - one thousand watts. 
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Table 5.^ Minimum Field Intensity to be Provided Over Lintiro 
Principle Community Served in db. Above 

1 i.v/metor (doa) (::) 



C hannel Assignment Minimum Field Intensity 
: thru b 74 
^ thru 13 77 dbu 

14 thru 69 80 dbu 



Maximum Limit of L'overagi' of 
Station by Channel Assignment 



\'c Icvi s i on 
and 



i'hanne ! A?; ^> i yjnment 

: thru () 
2 thru 0 
" thru 13 

I.; thru 



\i\tenna lioipht 

1000 feet 
2000 feet 
1000 feet 
:ooo feet 
:000 feet 



Limit ('overaj: 

2S Allies 
42 miles 

38 miles 
33 mile? 

39 Tiiles* 



iS figure may he misleading; see text. 



assignments; for UHF, maximum ERP is generally achieved 
through the use of a transmitter equivalent in power to 
those used In the VHF bands, along with a highly direc- 
tional antenna system. Thus, while the limit of cbverage 
for W.? is larger than that for VHF, the area of coverage 
for UHF. due to the narrowness of the highly directional 
UHF antenna's beam, is smaller than that of VHF. 
2) In its Rules and Regulations (23), the FCC notes that 
because this figure was gotten by graphic interpolation 
rather than field measurements, it is optimistic for 
distances greater than 30 miles, especially when con- 
sidering interference from neighboring transmitters, so 
that actual limit of coverage will be less. 
Summariiing, given maximum effective radiated powers for each 
channel assignment, VHF will generally have a larger coverage area 
than UHF broadcast services. Should broadcast educational services 
he widely used, lack of available VHF channels would force many of the 
stations to use the UHF bands. 
3 . 3 COSTS 

Table 7.1 lists the equipment and cost required for a studio 
capable of supporting four channels of educational television programrr'ng 
required studio personnel, office staff, and their salaries, along with 
average programming costs are listed in Table 7.2. Represent -'.tivo costs 
for.lffF stations (single char.nelj arc given in Table 8. Table 9.1 lists 
other fixed costs associated with single channel VWT broadcast stations, 
while Table 9.2 lists annual operating r^ixcdj costs. 
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TaMo ".l Broadcast Tolovision Studio Uqiiipinent and Costs 



Quanti ty Item FixedJv:o_stA 

Color cameras, broadcast quality $480,000 
Video-Audio Switching r.quipment $1SO,000 

Video Tape Recorders $:4U, OCiO 

4 1" Helical sc:m video tape recorders S 40,00(^ 

1 riim/Slide Chain Fquipment SH:,00'^ 

2 film cameras 

2 film projectors 
1 slide projector 

Multiplexer t'nit 

Audio Equipment $100,0(10 

3 consoles 
monitors 

mike and speakers 
Studio Lighting $100,000 
Remote Pickup Van $350,000 



Includes 3 color cameras and a 
video tape recorder 



$1,37:,0C0 



i 



Xo'^'^: ; s studio is shared by four stations. 
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Table 7.2 Operational Costs for Broadcast 
Television Studio (J4) 



Wages :md Salary 

: Shifts 



Fixed Costs 



2 Directors 
b Cameraman 



[Engineers 
Light men 
Audio men 
Announcers 



$i:,000/yr. 
$ l),000/yr. 
$l(),000/yr. 
S 9,000/yr. 
S 9,000/yr. 
$10.000/vr 



$ 24,000 
$ 54,000 
S bO,000 
$ 18.000 
$ 18,000 
$ 20»000 



Office Staff 



1 Administrator 

1 Clerk 

1 Accountant 



$i0,000/yr. 
;j $ 7,o00/yr. 
^ Sl0,U00/yr. 

Total 



$ 10,000 
$ 7,S00 
$ 10,000 

$221,500 



Programming 



Films and Tape Cost 
Artists (talent cost J 
Royalties and License Pees 

•^otal 



Variable Costs 

5174,000 
S 9,000 
% 57,800 

$240,800 



Note: This studio is shared by four stations. 
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Table 9.1 Other UHF Broadcast Station 
Costs (Fixed Costs) (26) 
(1973) 

(Single Channel) 



j-tet" Cost 

Control Console $ 7,000 

Input and Monitoring Equipment $18,000 

Test Equipment $9,100 

Spares $ 8.000 

Building and Land $31,600 

Installation $30,000 



$103,700 
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Table 9.2 Broadcast Station Annual Ojierational 

Costs (F-ixed Costs) (2(>) 

(Single Channel) 



Item Cost 



Engineer (5) 15.000/yr. $7S,000 
Technician (5) i:,O00/yr. $60,000 
Repair Parts $10,000 



Building Maintenance and j ^ 

Utilities ' 



Tower Maintenance and ^ qqq 

Utilities " 



Insurance $ 3»700 



Total for One $152,500 
Broadcast Station 
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3.4 ^,\CTO[^S INHIS.riNG BROADCAST !:PUCATIO\AL TliUiVISIOX 

r.,nco broadcast television :s a service capable of bringing 
education into all homes in metropolitan areas, the problems limitznt: 
widespread use of educational TV nust now be discussed. Unlike PM 
educational radio, which has specific fro juep.c ies set aside for its 
use, educational TV must vie with conncrcial broadcast stations for 
channel assignments. Tliis would seem to be of little conseuuence 
considering the size and relative disuse of the UMF broadcast band. 
However, as discussed in Tablet), MHF television has less effective 
coverage area than VHF television due to the hii-her carrier frequencies 
used, making equal coverage more expensive if not impractical. In 
addition, most commercially availaMe ■J!!-- tuners compound the UHF signal 
reception problem. They have poor adjacent 5i<7nal selectivity, and 
thev are harder to tune correctly, all but the newest being designed 
for continuous tuning rather than "click" tuning as in VHF. 

Tr.e factors described make conpctition for the VHF broadcast 
channels in any area great, and have discouraged the use of the IJllV 
broadcast band, better UHF tuners are becoming available, but wide- 
spread use of these will take time. In the near future, use of the UHF 
broadcast band will remain light, 
3.:) EDUCATIONAL THLHVISION NTTWORKS (27) 

Because television programming is more expensive to produce than 
radio programming, locally originated TV progranirint^ tends to reflect 
the ii:T\s of the organization holding the station license. In the 
major categories of license holders, programming on university-run 
stations tends toward public cultural enrichment, extension trairinp. 



(especially in the case of land grant schools), student training and 
teaching, and public relations; stations run by public school livstems 
concentrate on programming to assist their own staff • Locally 
originated programming, due to inexpert participants and lack of funds, 
is generally awkward compared to commercial programming, which typically 
budgets one hundred times as much for a given length of program. 

To allow educational television stations to concentrate on 
producing several good programs per year rather than many programs of 
varying quality, six regional ETV networks have been formed. These 
network members share production of programming and facilitate 
interstation exchange of ideas and cooperation. 

The Hastem Educational Network (CKN) is the oldest, most presti- 
gious, and perhaps the most successful of the regional networks. As of 
January 1970, it had twenty-five licensee members representing thirty- 
eight transmission stations in ten states and the District of Columbia; 
CEN's librar>^ of films and tapes held 891 instructional and 725 public 
television programs. Distribution within EEN is accomplished by 
private microwave, common carrier, and circulation of video tapes. 

The Midwestern Educational Network (MET) had six affiliate members 
as of 1970. Its members are interconnected by microwave facilities that 
they own. and pay no '*af filiation fee,'' but are instead paid by MET 
for carrying MET's program. One possible drawback to this system is 
that viewers might luiss programming of value that cannot ''pay for 
itself due to the priority given to funded programs. 

The Southern Educational Communications Association (SECA) was 
organized in 1967 to undertake almost any kind of cooperative activity 
wh might prove to be necessary in educational communications* As 



of Jaiiuary l^'^O, it had twenty licensee members with forty-eight trans- 
mitters in eleven states, making it the largest of the regional networks 
Because SECA has appeared to some primarily as a pressure group for 
•'the South' \ several Southern ETV stations do not belong. SECA has no 
interstate connections, but quite a few states within SECA have intra- 
state networks for program distribution. 

The Central Educational Network (CEN) is the midwestern counterpart 
of EE\. As of January 1970, CEN had nineteen licensee members with 
thirty transmitters serving twelve states. Within CEN, program distri- 
bution is by mailing of videotape. 

The Rocky Mountain Public Broadcast Network (RMPBN) receives 
nationally distributed ETV programs in Denver, Colorado, and along with 
programming produced regionally , feeds them to affiliates in the Rocky 
Mountain area over AT5T facilities. It is also possible to delay the 
transmission of programs from Denver to the various affiliates, allowing 
nationally distributed programs which are broadcast at times appropriate 
to the Eastern Time Zone to be shown when audiences in the Rocky 
Mountain area are most likely to see them. 

The Western Educational Network (WEN) is a confederation of twenty 
stations, of which three are also in the RMPBN. Except for these three 
stations and the ETV station at Las Vegas, all members are located in 
California, Oregon, Washington, and Hawaii. Interconnection is via ATST 
facilities, w:th station KCET (Los Angeles) acting as regional delay 
center; little cooperative programming and program exchange occurs 
within WEN. 

\ network to facilitate the oxchantre of quality educational pro- 
gramming nationwide was also formed. In 1954, National Educational '^'^'Ic* 
vision 'Nrr) was crcntcd as n service of the National fiducat ionnl 



-58- 



Television and Radio Center (\F.TRC} . While initially Ntl was concoivfJ 
as an "exchange center" for programming produced by nen»her stations, \v:' 
gradually got more involved in the production of educational proiirammint 
for the general public, providing five hours of new Nl-T prograinning 
per week to affiliates. Individual stations also draw upon NET'S vast 
film and video tape library for additional programming. 

In 19()3, the Ford Foundation (which took over basic support of 
N'ETRC) announced the first of its six nuUion dollar grants to finance 
the program service of NET. At this stage, NET turned over to other 
agencies its previous activities in educational radio and television 
station activation and welfare, concentrating all resources on one 
objective: a television programming service of substance and quality, 
to be provided to the American people through the nationwide network 
of noncommercial ET\' stations affiliated with NET. 

NET devotes at least half of its resources to programs in public 
affairs in an attempt to provide information, awareness, and to induce 
people to think critically about public issues. The rest of NET's 
prograinming falls into two categories: cultural programming and 
programs for children. 

In 1967. as the result of a report of the Commission on Educationn 
Television sponsored by the Carnegie Corporation of New York, rresic'cnt 
.Johnson sent a proposal to the Congress calling for immediate action to 
extend and strengthen educational television, to increase federal ^vjppc- 
of public televrsion, and to establish by act of Congress a new instit.i 
tion for public television. The resulting Public Broadcasting Ac* of 
1967 included the creation of the Con'oration for Public Broadca<;t in? 
(CPB) , a non-profit organization empowered to receive funds both fror: 



government and private sources, CPirs role was specified as being to 
strengthen local public broadcasting stations, to develop (but not 
operate) an effective national interconnection of these stations, and 
to augment the national inventory of programs (hut not to produce any 
programs itself). 

In the early days of CPB. NET r?.:inaged program distribution and 
live interconnection [on a limited scale) for CPB because CPB was 
forbidden to operate a network. Since November, 1969, however, when 
CPB created a new non-profit private corporation named the Public 
Broadcasting Service [PBS) to select, schedule, promote and distribute 
national programs to the country's noncommercial ET\' stations, JJET 
has concentrated on program production, 

PBS is a user-controlled distribution system and is responsible 
to the stations it serves. Supported through private sources and CPB, 
its ten member governing board is made up of five members of local 
public television operations, two members chosen from outside the 
industry, and the presidents of CPB, NET, and PBS, 

In January 1971, a survey conducted by PBS showed that fifteen states 
'Ki^ completed interconnection of their I'TV facilities. Of these fifteen, 
nine owned the network while the remaining six used either common carrier 
or private facilities. In many states, the network is multipurpose, 
being used for instructional television, medical education and experi* 
mentation, and public television distribution • Of the fifteen nctwor^-''^ 
surveyed, Indiana had forty-three TV circuits and was capable of 
carrying ten simultaneous TV transmissions over the entire network, 
while nine of the states had only one video circuit. The total capital 



-40- 



mvestment in state and pj-ivately owned facilities was over $7 million, 
while the total annual payment for leased facilities amounted to $4.05 
mi 1 1 ion . 
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4. INTERACTIVE M EDIA FOR bPUCAT ION 

This section will discuss interactive communications media that 
are either presently providing educational services on a limited or 
experimental basis (e.g., PLATO IV and TICCIT) or could bo used for 
providing educational services if made commercially available (the 
Sell System's Picturephone® ) . 
4.1 INTERACTUT TELEVISION 

While broadcast television can provide educational services at 
no charge to families having suitable receivers, such services have 
several limitations place«l upon their effectiveness by the broadcast 
nature of the transmission system. 

Educational programs are broadcast according to a fixed schedule. 
This limits such programs* effectiveness, in that although a program 
is of particular interest, parts of its potential audience might find 
it either inconvenient or impossible to view at the scheduled time. 
Also, since programs are broadcast to a mass audience, subject matter 
is limited to subjects having some degree of mass appeal - 

Ideally, an educational system should have the capability to 
judge user comprehension and offer supplementary instruction to clarity 
points still puzzling to the user. Due to the one-way characteristic 
of a broadcast transmission system, this is difficult if not impossible 
to implement. 
4,1.1 TICCIT 

The Mitre Corporation, in an effort to prove the effectiveness of 
education via television, has developed an interactive television 
system known as TICCIT, (28) Viewers can interact with the 'system by 
using a sixteen button pad or optional full nlphanumcric keyboard 



through whiwh t:u' viewer can soU-ct su;\!ect nuttor, answer uuo'^tions 
and roiiuest supplemental instruction. Intormatioi^ t ran-^miss io!\ is 
done via coix..il cable. 

A cca\:al cable consists of a wire '.center conductor) surrounded 
■iv ,i cvli^uier dielectric which i:- in turn .^urroundt-d by a metallic 
sheath and in outer layer of insulation. Coaxial cable has two 
'.^ro^cmes which nake it desirable in wired transmission systems: 
1) It has a nominal bandwidth of 300 mz; that is, enough to carry 
fi.fty, six-vaiz bandwidth television channels, 2) Tt is non-radiating, 
nieaning that signals sent aloni; a coaxial cable arc contained on the 
cable and not radiated into space. This prevents interference to 
external signals. 

There are two types of TICCIT systems under development: a system 
for the delivery of educational services within institutions (e.g.. .'in 
electronic study center for a janior college), and a system for the 
•bjlLver" :^t" interactive TV, includlnc; co'nputer-aided instruction (CA!"* 
into the heme . 

The TICCIT system for institutional use (29) has 128 terminals, 
oic" consLStinji of a color television screen, a full keyboard for 
interictior with the svs;tem, headphone-^ for audio nro,:;ramninr', , and r: 
dLi?:*' i'^ vi ''.^o refresh r.em.orv' fVRV) . ''rogrcimm i nt*. is ;">clccted by i'ltcr- 
action with the system computer and can includ*- video tapes '^eacli 
ter-imal can show video tapes up to ^\ of the time), hirh-f v'cl ity and: 
■the oyster- include<=; random access audio storage with five hour cn^^ - 
citv). co'-.T^uter generated graphics (graphic displays arc made up c*" 
line segment:; upon a 200 by 25b line grid), and computer ccncr-ite'.' 
alphanumerics f^jp to seventeen lines of forty-ono characters in ?.cv> :: 



Visual projjramming is to contain at tea^t 92% still frames (i,e,, 
alphanumeric or graphic displays containing no motion); these still 
frames could be displayed by the system several ways. First, as is 
done on broadcast television, the still frame could be repeatedly 
transmitted to the terminal for display. This would tie up S MHz of 
cable bandwidth for each terminal in use and require separate line and 
character generators for each terminal. TICCIT uses bandwidth more 
efficiently by a method which involves generating each required frame 
once and transmitting it to the appropriate terminal. At the terminal, 
the frame is recorded by the video refresh memory, then repeatedly 
played back until a new frame is required. Using this method, the 
cable and frame generation equipment are in use only 1/60 second for 
each new frame required, allowing the cable and the frame generation 
equipment to be shared among more teminals. 

Interaction on TICCIT is accomplished quickly* IVhen all 128 
terminals are in operation, the key echo time, which is the time between 
the pressing of a key and the display of the character on the terminal 
screen, is 0.2 second. The courseware (computer control program) res- 
ponds to interactive requests within 0.2 second, (30) System cost is 
outlined in Table 10, 

While the interactive television system for institutional use 
would be solely useo for educational purposes, to bring interactive 
television into the home requires a services package attractive erouc;n 
that viewers would subscribe to it. Mitre is developing an cxperi^icnta:. 
TICCIT system to deliver interactive services into the home throuph 
cable TV, In addition to educational services, the system could :^ct 
as an information source, carrying employment and available social 
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Table 1 0. Costs of an Institutional VICCIT System* 30) 
T-~ (\9^A) 

$375,D00/full semester 



A. Courseware** 

B. Staff and Spare Parts Replenishment 

C. Hardware 

Main Processor (with 48 K core) 

Terminal Processor 

Card Reader 

Line Printer 

Magnetic Tape Unit 

Moving Head Disc Control (2) 

Vkaving Head Disc Drives C3)*** 

Fixed Head Disc Control (2) 

Fixed Head Disc Drives CI) 

CRT Terminal 

Computer-to-Computer Link 

Character Generator 

Keyboard Interface 

Vector Generator 

•Vadic Response Units (20) 

Audio Response Control 5 Switching 

TV Sets (color) (128) 

cvboards (128) 
LHgital MOS Refresh Memories, 

Saturated Color, No Gray Scale (128) 
Signal Processing Amplifiers (128) 
Video Tape Players (20) 
Refresh Control Electronics 
TV Modifications 

Total 

D. Original Test Equipment and Spare Parts 

E. Estimated Cost Per Courseware Student Hour 



20, coo/year 



33,000 
20,000 
4,000 
18,000 
10,000 
17.000 
36,000 
7,000 
5,000 
3,000 
2,500 
7,000 
5,000 
11,000 
60,000 
10,000 
38,400 
19,200 

112,000 
32,000 
16,000 
10,000 
25,600 



$501,700 
$20,000 

$1.00 



*For the most part, these figures were obtained from Ref. 29. In 
some cases, due to change in systen specifications or technological 
advances, more recent Mitre publications give different figu.es. r, 
these cases, cost figures frorr Ref. 30 were used. 

**This figure is the development cost of a full semester CAI crurso;^ 
were the svstem to be mass produced, standard courses cou.d ' 
be rented or purchased more cheaply from the supplier. 

''**0f the three discs used by the basic system, one is used for sysf^-, 
record-keeping, while the'other two hold two semesters of courseware 
each Should additional coursework capacity be desired, discs i 
be added to the system. Discs cost $12,000.00 each. 



ERIC 



-45' 



services information, reviews of political ccindidates; , instructions for 
income tax preparation, etc. It would also allow personal record 
keeping and automatic reading of utility meters. 

The topology of a standard cable TV network (i.e., one used only 
to provide non- interact ive programming) is shown in Figure K In this 
so-called ''tree network", programming for the entire network is 
carried on a tnink cable which is shared among all the subscribers of 
the cable network. The repeaters spaced periodically along the trunk 
cable are amplifiers; they compensate for sigrial loss in the trunk and 
keep signals at levels suitable for good television reception. Customers 
are connected to the cable network by "tapping*^ the trunk cable and 
running a short length of small -diameter cable from the trunk to the 
customer's home. The tree configuration has the advantage of allowing 
an area to be wired for CATV services with the least amount of cable, 
and thus is the configuration most used in non- interact ive CATV 
systems. 

For ^ cable system offering interactive services, however^ the tree 
configuration has a great disadvantage. Because of limitations in the 
frequency response of coaxial cable, the number of channels available 
on a cable are limited. In addition, the interactive services must 
share the available channels with standard broadcast programming. In 
the tree configuration, because all customers are connected to the 
system's hoadend through the sinj^le trunk cable, the few chmno's 
available for interactive services must be shared by all of the inter- 
active subscribers. This generally limits interactive services on 
tree-type networks to polling of on/off switches and similar low 
data-rate services. 
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r'lcrure I* IVp Tree Corf 1 juration For C'lblc if :.ot>:o7">'. 



ERIC 



To make available to interactive users the full ^-?1U2 banJwiJtli 
needed for video transmissions, a cable confi (juration of the type 
shown in Figure 2, the hub configuration, is used to deliver TICCIT 
services. The headend of the system distributes all broadcast pro- 
gramming over the supcrtrunk to eac^ luib within the systen. At each 
hub. the cable network is further hr>ken up into cells; each cell can 
be though: of as a smll independent, tree-type cable system. The huh 
distributes the common broadcast prog'-anming to each of the cells; in 
addition, the hub contains a complete TICCIT computer system which 
supplies interactive services to the users within the cells. The 
chief difference between the two configurations is that while the one 
set of interactive channels available • -.hared among all of the 
system' subscribers in the "tree" cable configuration, each cell of 
tli: hub-configuration cable syster has its own set of interactive 
channels. In this way, the number of subscribers being serviced by 
.1 ^et of interactive channels in the hub-ronf i gured cable system is 
reduced by .x factor equal to the total number of cells within the 
cable system. 

Bach interactive channel has access .it the hub to a VRM which 
comprises one of the output ports of the TICCIT computer. In this way 
TrCCIT users arc not required to :iave individual franc grabbers in 
their homes, which would greatly increase u.scr costs. Instead, they 
can share frame grabbers by sharing the available interactive chn-.nc's 
r-iis sharing can cause proble'^s, however, ;. f too many users arc 
assigned per cell, as excessive waiting linos for TICCIT services w:'. ! 
<ieve lor) . 
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In the design of any interactive system, the utilization of the 
limited service facility must be considered. Should too many terminals 
be assigned to the shared service facility, or should users attempt to 
utilize more service time than the system can supply, system users 
will receive "busy signals" too often and will have to wait excessively 
long before interactive service becomes avai;able. This problem should 
be avoided; it detracts from the interactive system's main advantage 
over conventional information sources, instantaneous responses. 
Similarly, care must be taken to insure that the service facility is 
not underutilized; this would result in users having to pay excessive 
service fees to support the systerr*. 

Each cell of the TICCIT system proposed for Stockton, California ^31) 
can be represented by the queue ing model shown in Figure 3. The fifteen 
interactive TICCIT channels available per cell are represented by the 
fifteen servers in the model - 13)* These servers are available to 
the M TICCIT terminals serviced per cell. Should a user request 
interactive services at a time when all N' channels are in use, the user 
enters a waiting line (first-in, first-out) and is assigned an 
interactive channel as soon as it becomes available. This is implemented 
in the proposed Stockton system by the TICCIT computer's ability to 
telephone waiting users to inforr^ them that an interactive channel has 
become available. As each terminal's service requirement is satisfied, 
it returns to an idle state until a new service request is made; the 
TICCIT channel which supplied the service is made available to other 
users. 

A.^sumptions concerning the system's operating characteristics 
made in the queueing model are a? follows: 1) terminal idle times (the 
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times during which individual terminals are neither in use providinR 
interactive services nor in the waiting line waiting for an interactive 
channel to become available) are exponentially distributed with a mean 

which is constant throughout the day. This assumption will some- 
times give a conservative estimate of the probability of a user finding; 
all TICCIT channels in use, as service requests are likely to be 
clustered rather than evenly distributed throughout the day. It is 
anticipated that there will be relatively few service requests durinv; 
the morning and the afternoon, as many of the potential system users 
viill be away from home because of Jobs or school. During this period, 
the system will be relatively underutilized, and the probability of 
a userhavingto wait before receiving interactive services will be 
lower than average , Similarly, there should be a greater than average 
number of service requests during the evening, when most of the 
system's potential users will be at home. During this period, the 
probability of a user having to wait before receiving interactive 

services will be greater than average. 

2) Servicing times are exponentially distributed, with mean T^, 

The validity of this assumption is dependent upon the mix of inter- 
active services offered; until ''hard'' data of actual system use is 
available, this is an appropriate queuein^ theory assumption, 3) 
The mean wrxiting time in the service queue is designated T • 

The load factor for individual terminals, X, is defined as the 
mean fraction of time each terminal will use im^eractive service,* 
For exaim.)le, should each interactive terminal 



^ > T > T 

s a w 



use an average of onc*half hour of interactive services per ten 
hour period, the terminal load factor is 0*05* Similarly, the waiting 
factor, Y, is defined as the mean fraction of tiine users will wait for 
interactive services to become available.* Given X and Y, the service 
ratio Z can he defined as 

^ _ av j;. time terminal idle _ 1 ^ - Y 

av;. time tenninal serviced ' X 

Denote hy the probability that K terminals are being serviced or 

are waiting for service. For 1 ^ K j< N, this means that K interactive 

channels ire in use while N - K channels are idle. For N <^ K <^ all 

N interactive channels are in use while K - N terminals are waiting 

for service* If K - 0, no users have requested service and all of 

the interactive channels are idle* 

Using queueing theory techniques, (32) the difference equations 

governing the Pj,'s have been found to be 

1 ^ (r) for 0 . K < N 

With these equations, expressions for thru in terms of P^ can be 
found. The value of can then bo determined by the total probability 
law 

M 

^ ♦ E 

K = l 



w 
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Given P^^, the values of through P^^ can then be determined. 

L^, , the mean length of the service queue, can be calculated from 
the values of Pj^ by the relationship 
M 

K = \ 

The probabilitv of a user having to wait before an Lnterartivo channel 
becoines available can be calculated as 

M N-1 

Prob (System Busy) * ^ ° ^ " ^ probabi- 

K-N K=0 ^'^y ^^^^ 

The approach used here in calculating the various queueing para^ 
meters of the TICCIT model is as follows: M, the number of terminals 
per TICCIT cell; N, the number of interactive channels per TICCIT cell; 
and X, the terminal load factor, are specified as input data. Y, the 
terminal waiting factor, is initially specified as being zero, 
allowing approximate values for P^ through P.j to be determined. Given 
these values, L^, the mean length of the service queue can be determined, 
allowing a new value for the waiting factor, Y*, to be determined from 

y' = L /M*. 
w' 



L. (T ♦ T ) 

•from queueing theory, (32) T * ^ 



w M - L 
w 



To convert this into an equation containing X and Y, normalize T 

w 

Tg ♦ T^ « 1. Then T^ = X , x y, and T^ = 1 - X - Y. Substituting, 

L C(l - X - Y') * X) 

Y = 



M - L 
w 



' w 

Y = -— 
M. 
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This new value for the waiting factor, y', is then contpared with 
Y, the value of the waiting factor used in the computations. If 
Y - y'^< .OlY, Y is considered an acceptable estimate of the w;»itinv'. 
factor xnd the queue Ing parameters computed witli the waiting', factor v 
are usoj. If ' \' - Y';-* .OlY, however, y' is substituted for Y in thr 
equations and the queueing parameters are recomputed. This iteration 
continues until a value of y' such that 'Y - Y''<_ .OlY is found. 

Figures 4 and 5 illustrate the effect of overuti lizat ion of the 
shared service facility upon the probability that users must waiv 
before receiving interactive services. In Figure 4, the number of 
TICCIT terminals serviced per cell is varied while holding the per - 
terminal load factor constant at 0.03 (i.e., thirty minutes service 
per ten hours). It can be seen that the probability of a user having 
to wait for interactive services to begin is highly dependent on the 
nunt)er of terminals serviced per cell if the load factor Is held con- 
stant; increasing the number of terminals per cell 11.4'o, from 202 to 
225 terminals per cell, increases the probability of a user having to 
wait before receiving interactive services from 0.10 to 0.20, a 100"> 
increase. Further increases in the number of terminals serviced per 
cell cause the probability of having to wait for interactive services 
to increase even more sharply. Figure 5 shows that similar results can 
he caused by increasing the per-terminal load factor excessively; this 
could happen, for example, if system designers did not anticipate t'^c 
user demand resulting from a particularly attractive services package. 

In the proposed TICCIT system for Stockton, California, 1000 
terminals will he distributed among the six cells of the system, ?.)V'-\n 
a nominal terminal density of 167 terminals per cell. The waitinR 
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Figure ^. 



I. 



0*d« 



«• 

a 

•n 

I 



3 



9 



0.2 



0.0 



Vliiltlng Parameters For TICCIT System 
Versus i^uat^»T or Terminals Per Cell 

(15 channels per oellt 

load factor a 0.05) 



BEST COPY AVAILABUE 




Temlnale Per Cell 



ERIC 



^ ton HMlNtti 



-56- 

Plg'ire 5. Waiting Paraaetera For TICCIT System 
Versus F<»r Terminal Load Factor 

(13 eliannels p^r cell, 

300 teroiinals per cell) 




Per Termlniil Load Factor 



parajneters for this terminal density ;ire illustratoJ in Figure b. It 
can be seen that given a terminal load factor of 0.05 (i.e., each 
terminal receiving an average of thirty minutes of service per ten 
hours), there is a 2,4% chance that a user will have to wait before 
receiving interactive ser\'iccs; the Mcan length of the service ciiieue 
will be iinp lying that the :vx\v\ percentage of time users will 

spend waitm.:: for interactive service ^ equals ,()lo'I>*, a nominal wait 
tor service which is unlikely to qreat ly disturb customers. Neverthe* 
less, the waiting parajneters are very sensitive to changes in the load 
factor: by increasing the load factor to .06 (thirty-six minutes 
service per terminal per ten hours), the probability of having to wait 
before receiving interactive service is increased to 9.3%; for a load 
factor of 0,65 » the probability of having to wait before receiving inter 
active service is 16*0%, This sensitivity to snail changes in the load 
factor would seem to indicate that some congestion might develop during 
the evenint^ hours » when a greater than average rate of requests for 
TICCIT services is expected, 

Should the price of suitable video refresh memories** be reduced 
from the 1973 price of $875 per unit (50) , it would become more feasible 
for heavy users of TICCIT services to have individual video refresh 
memories ir their homes. Since the TICCIT system would then only need 
send each still frame once to these VRM - equipped TICCIT subscribers, 
each VRM - equipped TICCIT subscriber would require use of the interact^ 



*a3 discussed previously, 

M ^ 167 " 0.00016 
♦Oigital MOS Storage, Saturated Color, no C-rey Scale, 



-S8- 

IQ^ OOM Plgur* 6. Vtoltlng Parametars ?or TICCIT System 

Versus Per T^rnlnal LoHd Factor 

4 (15 channels per coll, 

l67 terminals per c«ll) 



0.20 



I 

•/I 

3 

^ 0,12 



•3 



i 

at 



0.08 



0.04 



0.00 




Per Tftnalnal Load Factor 



-ERIC 



ch:mnel onlv occasionally for a fraction of ;i second while receiving 
service; this would allow a single interactive channel to be shared 
by many interactive users simultajieously, greatly increasing the 
service capacity of existing TICCIT systems. A likely prediction is 
that in the future, if TICCIT services become highly accepted and the 
price of VRM's is reduced, TICCIT systems will be changed from the pro- 
posed centrally refreshed topolotjy* to a combination central refresh/ 
individual refresh topolog>'. This could be augmented by reserving 
several of the interactive channels in the future for use by TICCIT 
subscribers having their own VRNI's; the remaining interactive channels 
would be equipped wirh VRM's at the hub and would be used by subscribers 
not requiring enough TICCIT service to justify the cost of an 
individual VR.V!. 

Table 11 presents a summary of the equipment costs for the pro- 
posed TTCCIT system. It should be noted that the prorated cost of the 
system hardware is about $1100.00 per home terminal, exclusive of user- 
owned television sets. Note that in considering hardware costs when 
comparing the cost of a TICCIT interactive cable system to a conventional 
tree-configuration non- interactive system, the cost of laying the extra 
cable required for TICCIT's hub-configured cable network must also be 
cons idered. 

To aid in projecting required customer revenues, the MITRE Corpora- 
tion has developed an economic model of the TICCIT sy.=:ten ca'lod TCHP'-'.** 



*i.e., shared VRM's located at TICCIT hubs only. 
Interact i ve Cable Economic Kvnluatior' Model, ^^^i 
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Table 11. System Equipment Costs (31) 

Computing System $229,825 

Video System, Audio and Video Interface 381,660 

Home terminals (lOOO) 400,000 

.Analog Storage 20,000 

Spares 30,000 

Test Equipment 20,000 

Computing Supplies 

(Tapes, Discs, and Paper) 16,000 

Telephone Parts* 10,000 

Trailer, shielded with air conditioning and 40,000 

raised floor ' 

Total $1,147,485 



'Equipment is used to establish a telephone data link from the Stockt 
TICCIT system to the Mitre Corporation's headquarters in Virginia. 
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In the model, physical characteristics of the cable system, such as 
required length of cable needed to he laid above- and below-ground, 
number of headends and cells, etc., and system penetration characteris- 
tics for both non-interactive and TICCIT services are specified as 
input data.* By further specifyinj: the percentajje of the TICCIT systen 
cost to be financed by loans to the system builder and the loan 
interest charges, the model is able to predict cash flows and determine 
user charges for one way and TICCIT interactive services that will allow 
the system owners to make a suitai le profit. 

In the analysis of a hypothetical model for a system serving a 
section of Washington, D.C. , a total of 26.680 households are passed 
by the ;able. (28) Assuming an 8* interest rate on borrowed capital,** 
which finances 80% of the TICCIT system, the following monthly service 
charges were required to return a 30% gross yearly return on equity. 

For basic one-way (non-interactive) services: 

Average Penetration Monthly Service Fee** 

30.62% $9.33 
61.23% $5.78 

For TICCIT ' teractive services; 

Average Penetration Monthly Service Fee** 

19.14% ,'!;24.23 
38.27% S19..>1 



♦System penetration refers to the percentage of households potertially 
able to be serviced by the cable system who nctually svi'iscrihe. 

♦♦Recently, the prime interest rate has been as hij^h as 12 1/4%, while 
inflation has been 10.7% fo» the latest 12 month period, (33) rather 
than the 3% yearly inflation presumed in the model. Thus^ the service 
fees derived by the economic model are conservative. 
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Tlius, assuiring that each terminal receives one-half hour of 
TICCIT services daily, TICCIT services may cost the user as little as 
$1.30 per hour. 
4.1.: Picturephon* Nli/ 

Another approach which could be used for interactive educational 
television is the Bell System's Picturephone^. By reducing the number 
of picture elements* per frame (251 lines per frame with 211 picture 
elements per line (34)), each Picturephone^channel employs aA^cmie— 
Nlli: bandwidth rather than 4.6 MHz bandwidth for broadcast quality 
frames. For the accompanying audio channel, standard telephone band- 
width (2.8 kHz) is used. 

Because design emphasis was on face-to-face viewing for business 
usage, the desk-top display unit includes a 5 x 5.5 inch television 
display, self-contained camera, and concealed speaker. f35) Attached 
to the unit by a cable is a standard Toucht one® telephone and a control 
unit with controls to adjust camera field of view, brightness, audio 
volume, and an on/off selector. A "Vu-self" selector allows the opera- 
tor to adjust his camera field of view, and a privacy selector disables 
the operator's camera. Audio privacy can be had by using the telephone's 
h.:indset . 

For face-to-face usage, the normal f ield-of-view at thirty-six 
inches from the camera is 17.5 x 16 inches. (35) The field-of-viow 
can be electronically zoomed** to 28.5 x 26 inches for widc-ynglc 
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*For a discussion of video resolutidn, bandwidth, and picture elepcnt- 
(pels), see Appendix A. 1. 

**Thi3 is accomplished by varying the portion of the camera's vidicor 
tube which is -canned. For wide-angle viewing, the entire vid'con "n-- 
get in r^anned; for "normal" field of view, only a portion of the vlcl- 
con's target is scanned. This method of varying the ficld-o'-'-' ?v.' dcs 

not affect the resolution of the received picture. C3^>J 

. -.J 



viewing, and by a hinged visored mirror, a 5.5 x S inch area of text 
or pictorial information can be viewed. The display resolution is 
such that standard type can be viewed with marginal clarity (this 

(r) 

feature is inqportant in business applications, so most Picturephones^ 
in use today have been modified to provide better resolution*), (37) 
Interaction is accomplished through the use of the twelve button 

G) 

Touchtone^ pad on the telephone or on an optional full keyboard 
available from Bell Telephone for computer interaction. To make a 
Picturephone ^ call the ^ key on the Touchtone ^pad is pressed before 
the telephone number is entered. Calls can also be made from a Picture- 
phone to standard telephones. 

In spite of reducing the bandwidth to 1 VIHz, transmitting the 1 
MHz signal over ordinary twisted pairs is difficult, requiring twisted 
pairs in very good condition that are ''conditioned'* by inserting 
''equalizers ' at one mile intervals. Equalizers are special repeaters 
that have frequency dependent amplification to compensate for the 
greater attenuation given higher frequencies over twisted pairs • Even 
so, at distances over six miles, noise becomes a major problem in the 
higher frequencies. (34) 

G) 

To combat noise, within a six mile radius each Picturephone^^sijjnal 
must enter a switching center* Here, signals to Picturephones within 
the six mile radius local area are routed appropriately in analog form, 
while signals to be routed outside the local area are digitally encoded 



*RCA Global Communications has marketed a desk-top slow^scan tranceiver 
called Video- voice capable of sending broadcast-quality video stills 
over ordinary telephone lines ♦ It cannot, however, transmit or reccivo 
real -t ime video. 



into a 6,3 ^fbit/sec series of pulses * To accomplish this encodinj;, 
the one MHz signal is first sampled at a rate slightly greater than 
twice its highest frequency; in this case, in excess of two million 
samples per second. Each sainplc is then quantized; that is, a 
decision is made as to which of several prespecificd values the 
magnitude of the saiiple is closest, and the sample is assigned a 
value corresponding to that level. 

Each sample value is then converted into a string of digital bits 
a series of electrical pulses with values of either 0 or 1. To 
represent a sample which was set equal to one of n values, log-> n 
bits are required. Thus, two million samples per second, each 
quantized into one of eight levels, results in a binary signal whose 
bit rate is nominally (2 x 10^) x log^ 8^6 Mbit/sec. This repre- 
sentation of a signal by binarv' pulses is called pulse code modulation 
rpcM) , 

The ^CM signal can be sent over distances greater than six mile? 
without excessive deterioration due to noise. This is because as the 
binary si,c:nals are regenerated along their transmission path at each 
binary repeater, the accompanying noise is removed. To remove the 
noise, a binary repeater samples its received input at intervals 
coincident to the message's pulses, decides if each pulse is a ''0" or 
a and retransmits a new noise- free pulse. No matter how far a 

Picturephonc®signal is to be sent outside its local area, it remains 
in digital form until within six miles of the receiving unit, where :t 
is reconverted to analog form. Analog signals cannot be "cleaned 
up'' as digital signals can. 



Except at the edges of viewed objects, most visual scenes change 
gradually in greyness from pel* to pel, and the signal representing 
the difference in greyness from pel to pel tends to have smaller values 
than the Picturephone® signal itself. Because of this, the signal that 
is digitally encoded for long distance transmission by Picturephone^D 
is this difference signal; the representation of an analog signal by 
digital bits representing signal differences is cal led different ial 
pulse code modulation (DPDl) . 

In addition to improving system noise performance, because DPCM 
reduces signal redundancy,** less information need be sent to recon- 
struct a given quality signal; this results in a decrease in signal 
bandwidth. While an analog Picturephone signal would displace about 
300 audio telephone channels on a long distance trunk cable, the DPCM 
signal displaces only 96 audio telephone channels, a saving of cable 
bandwidth, but also an indication of the relative cost of Picturephone® 
when compared with audio telephone rates. 

Presently, Picturephone^— ^service is available only in Chicago 
and Pittsburgh. In Chicago, where prices are low to promote subscript 
tion to Picturephone^service, there is a monthly charge of $75,00 
per month covering only local and intercom (i.e. intra-office) ^se , 
The Picturephone^may be used for local calls up to thirty minutes 



♦Picture element; see Appendix A.l 

**That is, signal groups do not have to be unnecessarily repeated, ^'or 
example, a uniform grey shade, corresponding to the fifth video quan- 
tization level, would be represented in PCM be repeatedly generating 
101 (the binary code for 5). In DPCM, however, the uniform grey 
shade would be transmitted as one three-hit code representing the 
difference between the shade of the previous pel and fifth quantizatirn 
level grey; the remaining codes would nil be zeros, corresponding to V) 
change in shade from pel to pel. Tnis represents a large reduction in 
the amount of video information the channel must carrv. 
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Table 12. Picturephone® Hardware Costs (38) 



For intercOTi iise only 
(i.e. intra-office) 



$1620/unit 



For intercom and local use 
onlv 



$4369/unit 



For intercom, local, and long $13,989/unit 
distance use 



Note- The increase in cost for local and long distance services 
reflects the additional telephone Mant transmission 
capacity required per PicturephoneCS)unit . 



per month with no additional charge; after that, billing rates are 
$,15 per minute, (38) 

kates for Picturephone service in Pittshur^h are double those 
of Chicago* and are said to be equivalent to those Bell Telephone 
would charge were Picturephone in wide use. (38) Thus, were 
Picturephone vVto be used for interactive educational television ser- 
vices one-half hour per day, thirty Jays per month, monthly service 
charge-^: would be $411-00 for the Picturephone communications 
channel- If the channel could be shared by subscribers as is done in 
the TICCIT system, the resulting lower monthly user costs would be more 
practical for education users. 

Table 12 lists hardware costs per unit for Picturephone service. 
We have seen that given the present system configuration, Picturephone^^ 
is not competitive with TICCIT for interactive educational television 
purposes- In addition, as with a 5-5 x 5 inch field of view, text 
legibility is marginal, the display screen and/or resolution would 

G) 

have to be improved before Picturephone was suitable to transfer 
large amounts of alphanumerics . Note that the figures in Table 12 
are for presently available units, and do not take into account either 
future technology or economies of scale- 
4.2 COMPUTER-AIDED INSTRUCTION (CAT) 
4 .2.1 T;ie PL\TO System 

Unlike the TICCIT system for CAI, which uses small computers and 
television terminals to provide instruction for local users, the 
University of Illinois^ PLATO system 'mp)oy'^ a large central computer 
and innovative display technology to provide versatile computer-aided 
instrjction to large numbers of terminals. By sharing systeir. costs 
among i large nximber of users (up to 400f) terminals), and by utilizing 



the versatility of tho large scale computor, the designers hope to 
offer high quality instruction at costs equivalent to those of elemen 
tary education, typically 3S-7Cv* per hour. (39) 

The use of a large general purpose computer allows versatility 
in teachiHi.: methods unavailable in systems using snaller computers. 
In addition to progratnn»ed instruction. PIAIX") has the capacity to 
perform s ir^.ulat ions (constructed by the courseware author or the 
student), allowing dynamic display of concepts which might be difficult 
or impossible to explain using still frames. The student may also call 
on the computational powers of the large general purpose computer to 
■speed calculations; this capacity broadens the subject matter able to 
be taucht by PLVTO. Finally, because communication between terminals 
IS possible, students can play games or request help, using the 
system as a communications medium. 

..\nother advantage of the PLATO system is that school districts 
wishing to experiment with CAI may acquire several PLATO terminals for 
the incremental terminal cost only. This is not possible with the 
TICCTT CAI system, because the I2S terminals that the TICCIT coiT^utc^ 
5^jpports must be located close to the TICCIT computer (29); a school 
district wishing to experiment with TICCIT CAI would have to purchase 
or rent a complete TICCIT system if a system with unused capacity was 
not availrible in an adjoining school district. PLATO's 4000 terminal 
capacity, however, required that the system be able to service ter- 
minals located at great distances from the system's computer; ot'ier ' • . 
a user-base capable of supporting a 4000-terminal system night not 
available. Therefore, PLATO CAI terminals c;in bo had for the cost of 
^ur, f-rminal, p ;* US the cost of the transmission linefsl to the cc'nrri' 
PIAfO computer and th^ incremental cost of running, the system. Th- 
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incremental system cost incluUos the use of the existing courseware on 
the PL\TO system, whose authoring costs are likewise divideU among the 
4000 terminals able to be serviced. 

For educators wishing to write their own courseware, the TUTOR 
authoring language was developed for PLATO (40). After several* hours 
of fami liariiation with the language, educators who have not had any 
prior conputer programming experience can write their own courseware. 
Unlike the TICCIT system, on which courseware can be written only when 
the system is idle, (29) courseware can be written from any PLATO 
terminal without affecting the operation of the other terminals. 

It is beyond the scope of this paper to fully describe the workings 
of the PLATO system. The following sections will discuss PL\TO's cen- 
tral corajiuting facility, student terminal hardware, and data trans- 
mission system, considering their effect on user cost. 
4. 2.1. ' The Central Computer Facilitie s 

In order to determine the best ways to use computers in education, 
three successive nnd increasingly flexible systems (PLATO I, II, and 
irn were designed and built at the University of Illinois. As a rcs':lt 
of experience with these previous systems, the specifications of the 
central computing facility for the 4000 terminal PLATO IV system were 
developed. It was found that to service 4000 terminals so that no 
•student experiences noticeable delay reciuires that the central computer 
have two nillion words of extCTydcd core memory and 64K to 12Sr. of 
high speed memory in the central processing unit, have an executior 
time of four instructions per microsecond, and be capable of trapsn:*"^ i-" 



♦The language's authors claim users can write pnrts of useful ]es?>'^ns 
after a otv^-hour introduction to Tirot?. '/lOj 



ERIC 



r ; I 
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i^niticant dull wore iiicorroraroii in the specifications of the centra! 
omputor tacilitv for PLATO W. 

Several corinerciallv jw^ilaMo larj'.e computers can perfom about 
> X 10^' instructions per second. Thus, even if the number of compe.ter 
.nstructions per stuJent per second wore increased to JOOU, these l:irj;e 
-cale co^nputers require aw averuy^e processing: tine of only jOO iiscc/ 
re iiit->;r. insure !a^r >> s! o^ti resp<)n^e t i n^e , a safety factor of two 

ia- allowvJ; ^:\Ki<^ the <yste^^^ e in jccept 1000 requests per second, TMe 
^ar\-tv factor i'f two im]Wies the comnutor will he idle SQ% of the timv 

the averii:e; such tine can he used for t>atch processing,* reducinv^. 
i:^teractive us^-r costs, 

nata ^ro::l tae VLATO MI systen indicated an averajje request rate 
of one request [>er four sectmd ; per ternnnal. ( U ) Thus, the central 
coiTi!^uter can -.ervice 40no terninals alPowlnp. an averaj;e of 1 miUi- 
ecord of coTtputer execution tire per request. 

The xpocted wai t ni(T t i tie , I'fw), that elapses before the computer 
■ --.r^gU' c^^, ippol server^ i H icce-^t a ven student's request is .^iven 
.^ uc i;o ' I : ' t h c o r v ( to h 



2' fl-i:) 

.vKtem rc.P.':>.r rate = re(|ucst/scc , ^^p^, terminals 

t c rvci i n a 1 

^ l'"Ml requests/ sec 
execution tine standard deviation 

:,0<i i.;sec 



'^VoP i r t^rac^ i v*:^ conputer -^^^rV'Cf^ w^iich requires the user :e:iv^- : • 
'^ro^rin f^^r -or^'^M^rr ^^:n*r;i*or -o run when oon^nuter iw-w-^;. 

ivi ; I i'^ I i . ♦ whor t h v ' i^^*'')'!*'' r i h*"^ pa i j d ! ^ 'J . 



E(t) = execution tine expected value 
= 500 usoc/request 
c = \E(t) = 0.5* 
These values give an expected waiting time (litw)J of 500 micro- 
seconds. Assumptions made were that student input arrival times are 
Poisson distributed (a reasonable assumption for 4000 independent 
student terminals), and that the ro^iuest rate probability density func- 
tion expressed as a function of the computer time required to process 
the particular request t)'pe is approximately exponential (PLATO 
statistical records substantiate this). The probability P(w) that a 
student must wait a time w or longer before being served by the com- 
puter is given by (41) 

P(w) = p exp [-w(l-rl/E(t)] 
The probability that a student will have to wait 0.1 second or longer 
is very small.** This fact implies that the probability of the request 
queue building up or of noticeable delay in processing student requests 
i'=; ne':'.HgibIe. 

In previous usage of the PL\TO HI system, each student has needed 
to '">e assiirned 300 words of dedicated extended core memory, although 
the various teaching strategies used had required up to 600 words to be 
assigned per student. Allowing an average of 500 words per student, 
4000 terminals would require the central computer to have two million 
(sixty-bit) words of extended core storage. (42) 



*Thi,s figure is implied by the safety factor of two mentioned 

previously; the ser^'cr (corrputcr) is in use an average of 50-6 of 
the time. 

•*.5 cxp f-100) = 1.86 X lO"^'^. 



[>iit:i from PLATO in uKluMtc^^l that mvchTv rrrcotit of ihv ^\w.\^uU v 
iris^t met lon^ useJ in !>roces - 1 n^;, ^^.riidont r'^niuc^^t^^ rrfrrrcJ to ttu^ 
words of JcJlcateJ !>tuJonr >t:n\uH'. T'u^roforv, Tiio contr.il ^.-orvputor 
:;iust caj^able of quickly transferr ir.^: J.ita hotwooi^ thr slowo!- 
extonJcJ core stor:ii;v iu\d hi^h • core memory . Such a transfer ^ati 

\'0 Jone hv some exist 'pig con! '!*er '^ it a rate of 1'^' uori!^ per 
^econj ' I • . the t.l,i* a coiil^l '^r t rati ^ ^*orred betweeii neTiuM'ic^ \v. y.^ 
..^ec. , whiv.h <nall enoUi:.h i\oid oh lectionahle delay* 

To allow for storage of lessons (IK to 2k words per lesson) and 
for the v inous teachint; st rate^at^*^ , the central processing unit of 
t'le eorr/outer s'vjuld suf f i e i e)>r ! \ lari^e ((>,"k tu IJSk words), Th. 

da*" a rite fron the conputer to each terminal is limited to i^^n 
';.ts per second; this allows data transfer to the teminal to he 
accorpl is:^ed ovw telephone lines. 

To --ervLce 4000 teminal^* data would have to be buffered out of 
t'ie corputer at a rr.axirran r:ite of 4.8 nillion l/its per second, which* 
:s withir: the :^resen^ state o*: the art. MI] 

The PhVP^ :Vsystt-\ as :^ currently exists at the University n^^ 
Illinoi^"» i :~ only ^x^]o to service '?^oT:t 1000 terrrdnals, rathi-r thnn the 
.1000 tern-ir^tlN the system wa- Tr ^ i rruvl to service. There arc two 
reason;; for this; hcth reasons are rvi'ited to the use characteristic' 
ot' th*^ pr->svf^t develepr-nta! ^y^t^-T. 'irst, experience with !';.\r'^ I'- 
had indicated that e:ich ternina! -hould he asslj^ed an averav'o 0+^ 
^'••r:I- e*' "rt^eid^'d core -t-i-r'HV'- tv;e nillion word^ '^f •:\^cr]\ 
civr:- .^tora^e fliCS) would -^c^ ^■j'Ticicnt to serve 400(» tormina!:;. The 
e^^ti-^at^^ i'f 300 word^ v^^r terminal, however, assti^KHl ^hn^- 
^-^/r'^i: :ia I » w;;'i!:! .'^r'.'e*^ J i/rier^; ',>f tfnrty-twc> ta-rrii^a!-: 



data at 4.8 million bits pev second. Several existing computers 
(e,g, the CDC Cyber 70 in u.>e in the pror^ent PLVTO IV system)* meet 
these requirements (41), 

From the experimental data from the PLATO lit system, it was found 
that the rate of computer instructions used in processing; the student's 
requests (i^e. the number of instruction- per second per student) 
remained relatively constant. It was independent of the student's 
level of learning, the teaching strategy bein^T used, or the course 
content of the lesson material- For example, in simple drill and 
practice programs, the students make requests frequently (approximately 
one request every four seconds on the avera^^e) , but the processing of 
each request is rather simple. 

In more complex teaching strategies, however, the student must 
do more thinking and planning between requests, while the system has 
to execute more instructions to process each request. The resulting 
product of computer instructions needed to process each request times 
the number of requests per second remains nearly constant at about 
^00-300 computer instructions per second per student- 

Data from the PLATO III system also indicated that each student 
terminal requires 300-300 words (60 bits/word) of dedicated computer 
nemory space. Output rates from the computer for each student tonrina: 
ran at approximately ten alphanumeric characters/sec* (or 60 ^*)its/soc^ , 
but peak transmission demands required rates of at least 1200 bits/sec. 
Input rates to the computer per terninal were between two anc! five 
bits/sec, but required a peak rate of 60 hits/sec. These and other 



*Jack Stifle, personal convors.ition , ^>ptcmber, 1C)7'U 



i^roup of thirtv-tKo tennlnals would form :i CA! classroom in which all 
o*' the stuUcnt-; using the tci-riinaU would study the sumo oour«^t'w.uv . 
Because at least thirty-two tenninals would bo usinp the same coufse- 
ware s iinultancously , the amount of V-CS needed to store the courseware 
•..ould bo divided omone the thirtv-two terminals, reducing the amount 

ICS us'-w! to -^tore coui>ewaic per student by a factor of thirty-two. 
The terminals of the ^resent iM.Al'O IV -^y^tem, however, are mostl> 
di.-^tributcd a^ single terminal-^ or in (.'.roups of two or four, and 
aenerally the terminals within a group are used independently of each 
jthor: oac>, 'or:unal is used to study different courseware. Because 
of ::iis, xn I'.erai^e of 2000 words of FiCS is required per tenr.inal.* 
Thus, ♦iwo nvilllon words of HCS can service only lOOO' terminals. 

Were t'lis the only problcri caused by the present system's use 
characteristics, 400'^ terminals could be serviced if an additional si.x 
million words of IX'S were added to the system. Because of the smaller 
v^ruupings of ter-jnals, however, nore courseware authoring per terminal 



;har. was anticipated 



occur'.vi. '"ecnu:-.e authoring requires five 



times the r.umber of -.omputtr ■•perat ion-i per second that studying 
ex.:>tin^ courseware at a teminal does*, the central corniiutcr facilit;. 
^.^f- PLATO IV syste:'! i 1 1 be fully utilized during the day 

'/J'J'j termmnls, rather tM,,r: fry -percent utilized cjrin;: the day 
■-■V I. ';f -enTHnnls. At':c'"'-:'^ i to add nore tentiinals to the '^y<--tcr', 
would result in unacceptab ly long system response times. 

■■-.•jinriar: Ln« . due to the user characterist ics of the pre'-cnt 
PLATO IV system having placed a heavier than anticipated load upon -.'v 



MacV "t;fl?, persoral conver-^ 'i* i on , -opt ember, !'.>7'1. 



the system's central computer facility, the sysWm is able only to 
service 1000 student terminals, rather than the 1000 terminals the 
system was designed to service. A side effect of this is that the 
present system is not available for batch processing during the day, 
while seventy-five percent of the system's vomputing capacity is 
available tor batch processing during the night. 
4.:. 1.2 The PLATO Student Terminal 

Unlike the TICCIT system, whose 128 terminal capacity limits 
service to local apr : ications , PLATO TV. with its 4000 terminal capa 
city must be able to service terminals over large areas; otherwise i 
capacity, should service be iinitea to local terminals, could be 
utili'ed only in urban areas. To avoid the necessity of laying 
regional coa.xial cable netwoiks to service PL\TO terminals, the data 
rates from the coniputer to each terminal 'lave been limited to 1200 
bits per second; this allows data distribution to be done over 
vxi>*:i'V4 voice-'^';r:iJ : telephone lines, Ml' 

This low data rate, however, would i^reatly Unit the versatility 
of courseware that could he presented over the I'LATO terminal if 
convent ion a' visuaJ disp'iay techniaue^ were used. To avoid this, 
several innovative audio-visual devices for the student terminals 
were develop. J at the University o^' Illinois. Computer-Generated 
d;/nan:c Ji^^plays are presorteci on a T^la^-.na display panel, a device 
combining inherent mefnorv-, display, ..iju! hign brightness in a poten- 
tial ly inexpensive fabrication. This new device consists of two ■i-^cL 
of glas<: separated by a layer of loni:ed gas. Rows of transparent 
electrodes are deposited on the outride of cac!; 5:lass panel, with the 
electrodes on one panel perpendicular *"o the electrodes o'^ the other 
oanel, providing at each apparent i nter^^ect ion a noint th'i*: can bf> 



NoU'crivcly ; : luniiuitej, On^'c i ! ! LirtiMjtOi?, oae!i r^i'^^ ronains illurr' 
aatej unttl it w*xt in^ui siicd ; r hi - eliinmatcs tho ncod for a video 
refresh mcnory at each temiiwil. i'urthernorv, as oach point in tho 

y. "U' line display is selcclivoly adJrossahle, the display can !>o 
modi f iod wit:\our rL*tr:uismitt t\\t^ full display. These ft^ituros o^* 
the :>lasr?ivi disi^Iav panel -illou dyna: n c displavs at the low costs and 
1 ow data rati.-> . MJ) 

Bec.iuso the nlasina panel i--^ t ran^Pvivent , static photo^^raph i c infer 
-...t i on -rv>'.-^ted onto a translucent -^-roon Nohitul it can '^o *-ureri mposi 
u:'on tho d^nariij co:?putc ^''..*'io rit ej Ji^'^lay* Tlii s is accomplished 
:;^r:'j>:;h *^he a randor^ a^c-.^-s '•:}A^y t^rojcctor, ("431 Thv.' iii'a^c 

-■-/lecto!' :^r.^v:d.^s for the raiuio^^ :iJv:o<^ selection of any irna;,\e fro:" :: 
:^j^>i'^Ie 2''^ c-'l^r i^a::^.*s -.ir*\iniivj on a ? x i inch f i Ir: sheet with a 
*v;;r^t-jLS:j .ij.:c-' :.ire of , -l soc^muI-. ■acii i^^a^c is assit^nod coor- 
di:i.ite> co^'^^e-i^^-^nding to it-^ row and column in the film plane, Indivi. 

; . - if-.' '^c ■ i-'L' t '.-d • ^ f^^';r ^iT'oun^:! t i c cylinder'.- ^or oav'^ 

-^^liT'T'^^ ::■ -'jr: es ■v^ic"'' co^'^'r'O' ^ho In sfioct*'- po-^itii^n. ^''or 
j,.^,-;.. '-"ch 'i:^ ; ::a 1 r'\^:':\:r': '.-f ■^^"'r-^ device, ;'oe A;v^encU x \ . ' . 

^o :^r ", id^' \ ;vh /?^fLl ;<v '* ■■ -^-j-r 1 .■?cc"^;'-od 'u:d i o ncssM^y:?s to ^v^v:^ 
isvr * 0 r"' : •■■a ^ , a ^-^rc^r^at i c il 1 \' rv\ ] ■indlo ^yston^ i \*)^' 

_:..vv: . V'': \':^'io -^^'^r^u^'S : v: r*;... ''^.'"d otiT^^ a disc ^O" p:a*i<: 

rr*^ ^ ; 'i roc^^'r;;**;.! 4 c'rcMlar t racK - r^*:^ ^r'; ' '^ith 

V'": ir":"^ " , r'* \- - *' . , ' ■ 'la f"^ ^' v - ^ c c o' : d 0 ■ ' ! " i;*^ : *■ ' . 

Th i disc IS t^:cn roriTited uuon a r;"'-dr!v^^n turntable of H : ;;h !'k,)I'mm * 
;--r':) ^i-^p a- an^^j^'ir v■■•^^.;*y ■ ^ '^?!-/ re-;*'^ ! o" : or -0^ 

^^.^...y.. 4.^, I.,, -v™,,.. -.y.a,.0 O , • V- , ■ : ^ J ] ] , if^ .,iM'.»nt '-*T':' * 



audio to be recorded upon each Jisc, any portion of which may be 
selected with a worst-case access time of 0.4 seconds. (See Appendix 
for details) . 

Fach PLATO IV student terminal consists of a plasma panel with 
random-access image selector, a key-board, and a controller whose 
outputs can control the random-access audio system or other hardware. 
These terminals should be abK- to bo produced within the cost limits 
of $1500 to $3000 each, depending* upon quantities produced and optional 
accessories provided. f44) it should bo noted that current production 
costs amount to $3300 per student terminal. 
4 .^.1.3 Communications Network 

\s was mentioned previously, the peak data rate to a PLATO student 
teminal h- , been United to IJOO hif; pt-r second; this allows the use 
of voice-grade (3 kHz) telephone linos to transfer data to and frorathe 
central computer facility. The interstate tariffs for leasing these 
voice-i^raJe lines vary with location, hut can be considered to he 
approximately S4.50/milc/month. f45) The communications costs of 
using thL'so lines for a system the size of PIJVTO over the lon^ distances 
which mi oh*: be needed Jo jjet enough ushers to fully utilize PLATO '.s 4000 
terminal capacity in some areas mii^ht he prohibitive. For example, 
assuming a student terminal lOf) miles from the central computing fcici- 
lity received data via voice-iirade telephone line, this would cost 
.S430.00 per month or $2.81 per student contact hour,* a figure alf?>o,st 
an order of magnitude above t-h*^ tartlet cost per student contact hour. 

In areas where the service is available, an attractive alternat i vt^ 
to voi-;o-).'.rade telephone line'^ i the use of cnh\u television ({:ATV) 



•As^umini^ I^n student contact hour^ per temin-il per "lonth. 
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to distribute.' the uita from tlK» contra"! corpiitor. arranein,^ the 
outgoing data m i prescriboU Tonnat . \ ^n\t»lo r.\r\ cliannol could 
carry data fro. a up to lO'"* > student tcnrniials, tMiinirji to provide CAl 
services for etitire met i ^.ol it area*^. ine communications channel 
between the PLATO ccinputer and tHo CATV system's fuMdend could consist 
of either dedicated cable or nicrowave** 

Out);oin,^ data froT? the PLATn central coTTn>titer is formed into :i 
signal which is compatible with stai^dard broadcast television equipment; 
thi^ -illow-; CATV operators to distribute 'MATO si^tnals without special 
equipTier^.t . i^ro.idcast television siiyial^ in the United States consist 
of thirtv fr.imes per second, -.Mch frame coritaininv'. lines. To 

rt^ducc vi-ia; flicker, each t'iM:::v* is divided into two fields of 2(^2 ]/J 
lin.'^ '/icb, ■Aif^i sixty fields beini^ trans!^!tted per socond. '"^f the 

1 '2 Iirvjs per field, the vertical i:iterv:il fthe intorv:i! 

during! whivb t:^^.^ catb.ode ray t!_rH»*s elect ^'on ;>eam returns from t!ie 

^ ' --/r^'v- ^'-^^^ ' ** ^•■'■^ .cre^^n) c^}TV.u!'H?s up to .^1 lin(^>, 

leiviny:; i -^jyirrum of .:-M l/J lines per field to Uv u'-ed f^)r vid.eo, or 
iv. t'^^.^ of ('At, binary data transmission. 

'VJ^/'': .d ! V ? 'Jr ^ i''}(r\ the ..b*J line^ v^e/.!*^'''>r (lata tran^ni s'^ i * 
:n*: > e'lua! ti^'ie bins of 6.3r> x ]'> sec ''ach, f'-'T)) The fir*^^ 1^ bir^^: 
ar*:» re.rii rod for bori i^^nt al ^^yncbrt^n : ::;it : or) and b ! ank ; n<.\ ^' ' -vil 
■;t'ind:ird ^• v i ^ i euuir^T-^ent can us,--,M. rbe r^'nairiiro^ 



'b^-j c'V^lv A'»iild !w/ ;idci;ua*'..- f^r s^^or*^ run"-, *(.» ''VAT'" 

-1 ::jbl'; ^.■;tc.'' i ''^ ar^.-^tbcr ..b , bow-vrT, ^h^: rui;nrity o* "^b'' 
d;.^t.inL:e wouid \>c covered ^-y -microwave r)Oint to point rc\?y 'K^rnn 
u ^ vd ' ^ V t ''\ ^b J o!ie rat or to r i n d i s t ;Hit t e v ^ i on t n * - i'^ 

^y b-:;id'-n,d. T'/; * U'-iM *■ r'-;:.:irod bbi- vo'!:-:^; '..:ib;.' -..^ 

i r\i)\*. \^ ' b;iVO n vMixii^rr- \' f i ; o '■^•u*v.^. o b-:>:'*b 

;pjf; "o)'>o 'vj^d;.)- cri' by r'^"-',':i^ -r :ir^r; 'b' 



line each contain a bit of Ji;:ital infonriat ion , ^iiiviiiK a Jata rate of 

« 

l,JU9f) X 10 bits per second,* ihus each TV channel can he used to 
supply data to 1008 PLATO student terminals at a rate of 1200 bits 
per second. . The data from the central computer is fed to a signal 
composer, along with television synchroni::at ion and blanking signals. 
These are formed into a composite baseb^ind signal which is RF modulated 
onto a carrier for the proper tolevi uon channel and distributed over 
the cable television system. 

[:ach PLVTO CAT classroom receives the appropriate data from the 
cablt; through a PLATO IV site controller, which can service up to 32 
terminals* (47) The receiver contained within the Site Controller, 
after extract Lnj; the data, converts it to audio frequency shift 
keyin,L: (AFSK, :i form of modulation which represents binary zeros and 
ones ")y two Uifferent audio frequency tjnes) for transmission over 
ordinary voice c::rade telephone line^* to individual terminals, Fr.ch 
S:tc Contr-^lior al:>o contain^ cvjuipT.ont to cc^mMne the return koysot 
infor^nation for up to ^2 terminals onto a single voice-grade line for 

t ransTi: :^ :> ion back to the comiv,iter center* 

*■ 

It wcLild stiL-n r-t\Tson:iblo- tS:!t i f t is n^ore expensive to d^l s- 
tribute data from t^- computer to the PLATO student terminals by CATV 
rather tlian single telephone lines, the >arne should he true for 
the data ret'jmin^, from the stuc'ent t'^^rninals to the central corri^utc^ 
facility. This approach is i^pract ical' for several reasons. 

The majority of CATV systems in existence today are of a uni- 
directional nature; that is, as the amplifiers used to compensate for 
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signal loss in the system amplify only in one direct ion most CATV 
systems could not provide a return signal path. Tlie economy of using 
CVTV systems for data distribution is contingent upon using existing 
facilities whose expense is shared by other users. 

For CATV to be cost-effective in transmit tinjj CAI data In the 
PLATO system requir s the television channel bandwidth to be shared 
among many terminals* This would require n parallel to serial data 
transformation; i,e. while the computer sends out data to each terminal 
in a prescribed order, so that none of the data overlaps, tSe responses 
from the terminals occur at random times, which can overlap and inter- 
fere with each other unless they are first stored and rearranged in a 
prescribed, non-overlapping order. To be thus rearranged requires that 
all data be brought together in one location for conversion, a task 
which is partially done in each local CAI classroom but must be pre* 
sently done over long distances by voice-grade teVip^j^hone lines. 

To service individual remotely located student terminals, a 
receiver ^^nit identical to the receiver used in a Site Controller is 
placed at a convenient location along the CATV cable. (47) Data is 
transmitted from the receiver, to each of un to 32 rempte terminals by 
individual voice grade telephone lines, ind another voice grade line 
carries keyset information back to the L-entral computer *'acility fro^i 
each terminal. 

T!ie ultimate penetration of CATV fpercentage of the U,5. popula- 
tion receiv:.nt; CATV svrvices) has beer est i mat'?'.! Hetweor foTLy .km.' 
sixty-six percent. (48) Millions of homes will then be wired over *j 
utiiize data from centralized sources, fornin;^ ri rc;:dy-n;tde market for 
services like tfiose offered '>y t'^c PLATO IV CA: sy-ter. 
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4. :'. 1.4 C o sts of the ^UTO I V Sv stein 

A lar^e, general purpose computer ablo to nK>et the requirements 
of the PLATO IV system cost:; approximately 4.5 million dollars; 2.5 
million dollars for the mainframe of the computer and 2 million dollars 
for the two million word? of nemorv and the input /output equipment 
required. .\n estimate for the system software, including some course 
development programmvng . is un idaitional 1.3 million dollars. The 
total, SIX million dollars, amortized over a period of five years, 
yields a cost of 1.2 million dollars per year. (U) 

Assumins; that the 4000 terminals system will be fully utilized 8 
hours per Jay. .'00 days per year, there are a\ oximately 10 million 
student cont:.ict hours per year. Thus, the hardware costs of the system, 
excluding tenninals, are 12e per student contact hour.* If PLATO'S 
equipment costs are to be made comparable to that o*" an elementary 
school's classroom, 27< per sra/.ent contact hour, the terminal costs 
-ust be limited to I3t per student jonract hour, or $1800 per terminal 
im.orti:cd over five years. Present indications are that this ten^inal 
cost, for a terminal consistinc: i plasma panel ^ itn driver, a keyset 
and r«ndom-access slide selector, will be difficult to meet.^ .\n 
estimate for th,- cost of PlATO term:n-,ils produced today, even in lots 

of DOC. was S3300.** 

■-Mr iM.ATO IV's e'.uipme"t c':-.r - to be V\^l ed to 27i per student 
:.r^rM:xct boi:r, the assumption that tbe system would he fully utilized 
w hours per day, 300 days i-.^r year wr.s rvide. r 1 1 ) The validity ,-■ 



*tf the ^vstem can only service !Ono terminal^, as discussed pre- 
vious ly tne hardware' costs for th- syste-, excludint* terminals, 
rire iS'J ner student conttc* '-^(-ir. 



**.Jack .stifle, personal convers.-i* i on . Septcmb>jr ! 



assumption can be challenged in several ways. F'irst, queuing theory 
dictates that any unscheduled system will seldom be fully utilized due 
to the excessive waiting time for service (in this case, access to a 
PLATO terminal) that users would experience in a fully utilized system. 
By specifying that CAI use would be scheduled, this objection can be 
countered, but such scheduling would limit one of CAI's principal 
advantages - the ability to instruct individually at any time. ^ ^ 

\ ever, the scheduled CAI system would remain much more convenient 
than traditional learning situations with respect to flexibility of 
scheduling. 

The system utilization assumption also implies that enough diverse 
and attractive courseware is available so that a user-base large enough 
to fully utilize the system exists. While a large portion of this 
user-base might be consist of students receiving CAI in subject tradi- 
tionally taught in schools, to attract enough "non-students" to fully 
utilize the system the rest of the time would require large amounts of 
courseware in specialized subjects. Because this specialized course- 
ware might have less mass appeal tha ourseware in the traditional 
sabjects, its effect on cost per student contact hour shoulttbe 
conside red. 

Alpert and Skaperdas (41) compute the cost of courseware for 
PLATO IV in the following way: experience on the previous PLATO 
systems has shown that preparing i good CAI course is roughly equivalent 
in effort to preparing a good textbook, for which most authors receive 
a 10-15% royalty rate yielding them apprjximately 80* per student. 
Thus, assuming a cost of $1.20 for royalties, reproduction, and dis- 
tribution, courseware for a forty-hour class adds 3* to the system 
cost pc student contact hour. Simenson and Prnshaw ("49), on the other 
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*h:inJ, 5t:ito that e^tiTiates of instructor prct^arat ion time per hour of 
CAl courseware range from 40 to 200 hours preparat ioii time per hour 
cours«?ware for various CAI systems, witli an average cost of $1000 per 
r hour courseware. If this d^eve lopmental courseware cost estimate is 

T 

accepted, 33,000 students must use the courseware before the cost per 
student contact hour for courseware is reduced to three cents. Tlie 
irnpl icat ions for courseware :s non-traditional specialised subjects arc 
obvious, and are strengthened by the f:ict that courseware written for 
one CAI system generally cannot ;)c transferred to another type of CAI 
system without extensive recoding and dcinik;,i;inij , (49) 

The data distribution cost:^ for a oyster! the size oT the PLATO l\' 
are highly dLn^endent upon t!ie :n)[)ui it i on density of the regions receiv- 
ing; C!AI services. To service ti'otropoi it.tn areas already wired for 
CATV, the CATV system could serve as tho disTribution network within 
the s*ity; ,i leased or dedicated microwave channel would be required to 
"riM-vnit ''L\r^' data b-»tA^*en <:i*:iv>. ^'r-t r'^pol ! tan areas not v^lred foi' 
CATv '^i^ht M^'j a l-HF televisi.ni ch.iniie! for local data distrit'>ution ; 
IP. eitr.er casv, data froTn rL\;'^ tvr-'i^'i!- in cities distant fron the 
, * P^;\TO vOTT'puter would he collected i :i ^h" c\r y via telephone lines, 

;7iven 'iVvarai i el-to- serial t rans fo -vx^ i (vi 'vv- a r^.i n i -computer , and sent 
to the r'^\TC computer via ^mother ; c r''?w:! v^• channel. 

To Jis'ri'jute PLATO ('AI sorvicv-s tr* Iar:*<^ 'ireas of low population 
don:>itv, a communications satellite chann'.-I nikfht he used for 6nt'd 
di St ribut ; or^ ; low cost ^^jround te'^'^i-als wj^h prcn-isions the retur*^ 

transnission of terrinal da' a would provide CA! services to rowns wit':- 
in the -ervice :irea. Hccau.^?- n^^ t*^^' rr:n'vT ?r r;e^v,'v*' oT)t ion- pc^^si^^'o 
for di s*— : I -n of ^'LATC da* i , d^-^ en- mat :r>n ^'I.A'- I V f.:;iV-: 




distribution costs are beyond the scope of this paper. Mowovcr, a 
study with this objective in mind is presently underway at the Center 
for Development Technology. 
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5. LIBRARY AND DOCUNCNT TtU NSMISSIQN_5ERVICES 

This section will deal with techniques used to transmit document'; 
over a communications network: facsimile {"fax") and slow scan tele- 
vision (SSTV) . Several existing systenis permitting the remote inspec- 
tion of literature through internet ive terminals will also be discussed. 

In recent years, libraries have faced continuing problents caused by 
tight budgets, increasing materials' costs, and particularly, the ever- 
growing volume of new materials which are published each year. 
Communications technology might help solve these problems through 
resource sharing and electronic distribution of materials. Interactive 
communications networks would allow easy access to materials contained 
in remote libraries, permitting individual libraries to reduce the 
amount of seldom-used materials stored locally by increasing reliance 
on interlibrary loans. Also, because individual libraries utilizing 
communications networks could -^crve lart^cr geographic areas, libraries 
could achieve economies of scale and j^reater support bases. Finally, 
electronic distribution techniques would permit widespread use of 

. ... 

microfilm storage of librarv m:iterials, resulting in a great reduction 
of needed storage space and a savines of some of the money presently 
spent in handling materials fe*g., ^taff salaries for rcstacking hooks, 
keeping user records, etc.). 

Library natrons could receive Tn;iter?als over intcractivo terminals 
by slow-scan television fSSTVj , with the option of ordcrin^t hard cr-ues, 
either full size or microform* from facsimile t-rirmals. Ntorcovcr, at 
remote terminals with memory, temporary electronic storage of library 
materi/ils would allow nighttime '^ervicin;.^ nf requests for large amounts 
:)f materials. This facility would increase* the -Lpparent capacity of the 
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commimi cat ions network. For example, an audio cassette recorder 
modified to be controllable from the system's hoad-cnd could be remotely 
activated during the night when the requested materials were available?. 
It would record the incoming SSTV signal on an audio cassette, and 
would be remotely deactivated at the end of th? SSTV transmission; the 
library material would then be available for viewing the next morning. 
With proper terminal equipment, one audio cassette Ct^n store up to 525 
frames of marginal resolution (1000 lines/frame) or 80 frames of high- 
resolution (2000 lines/ frame) SSTV, the choice of resolution depending 
upon user requirements. (Sec Appendix A.l for a discussion of 
resolution) . 
5,1 FACSIMILE 

Facsimile refers to any system capable of transferring alpha* 
numerics or graphics by electro-optical means, generating hard (i.e*, 
paper or microform) copy at the receiving location. Teletype and 
similar systems employing keyboards and alphanumeric printers are not 
included. 

The principles of facsirwie are mucli *like those of television, in - 
that the document to be transmitted is scanned opto*electronical ly , and 
an analog .signal waveform corresponding to areas of light and darV on 
the document is generated. This waveform nay then be transmitted ovct 
a communications network to the receiving station, where a writing hend, 
carefully synchronized in speed and phase to the reading head, rccc^- 
struc;s the original picture* 
S.l.l Facsimile Transmitters 

The heart of the facsimile transmitter i the sc^mninR head, ;» 
photo-sensitiv^ device which generates an electric current proport ^ on i I 



to the jjiiouiit of light strikuiv; it. Thus, when the scanning heail^ 
equipped with a lens system so that the head ''sees'' only a point, is 
moved across an iUuminated document, a signal is generated correspond- 
ing to the light and dark areas along the line which the head scans. 
By scanning a series of adjacent parallol lines across the document, 
a signal proportional to the lik;!)t and dark areas in the document is 
constructed. 

There are two types of devices which are primarily used in scanning 
heads. (50) One, the electron photoinult ipl ier tube, is constructed so 
that lii^ht striking a target i^enerates electrons. These electrons 
are then directed through a series of dynodes, elements within the tube 
which have the property of emitting ?^0Tc electrons than they receive 
from the adjacent emitting elements. T^iis property results in great 
amplification of the original electron stream. Because of their great 
sensitivity, photomult iplier? are u>ed when half-tone rendition (i.e., 
correct gray s hading; , m addition to black and white, is necessary, Th^ 
photomult :plier tube has the disadvantages, however, of being relatively 
expcnsivtK fragile, and roquiT^in^T very high power supply voltages for 
ope ration, 

lor facsiniile units which arc to bv used only for transmitting 
ilphanamor i c> and line drawin^>, as is thv case for most business use^*, 
the half-tone rendition capahilit:os of the photom^ait ipi icr are 
unnecessary. In these tinits, the scanning head often contains n nhoto- 
transiitor or photodiode, sol in-state devices which are not -ensit ivt 
enough to provide half-tone resolution, but arc inexpensive, rugged, 
and work '^ith low supply voltaecs. 



Hacsinv.lo t ran?^mitters r»^c cl;issificU according to the mothod 
which 5CsinM,.fig is accomplished. In the rtnolvlu),; dru"i iit-tluHl of fac- 
simile, The docuinoTit to he scatmeJ is wr*ippcd around a druni and sccn»\'(* 
by a ^^liP runi;ing the width of tht^ drum. Vhv dnm is tluMi revolved 
it J vjr. sr i'^r -;>coJ, illov^ir^^ ri\e Acuuniig iio id to st;in ;i li^e ncro^^^^ 
the doc\:*^.*r\*. . To .illow the ^Hvid to sc i'^. tho wliolo docunetU , the hc\'jd 
:.s CLt'UM' >!TH^^>thlv ^nvr ^he wit't^^ of the Jru?!^, i--T the he;id \< 

hold 'xtdtvon iry and t':e revolving dr;;T^i is T.oved axially so V\q ficad 
"sees" t-vj <lucunent . I'hv siv^iial generated hy Xhv .sca?\nin\i is 

TA^o^,*^so.i <: i he t"ed into :m :ippro;^ r L at e joriTmin ^ cat i ot*-' T^-^twork . 

\r\ !'N>:':.x»'- ^> te*?, the Tlat-hed systerr) fcr facsimile, the docu'";e:it 
t .? "^e t fi:- ^'Ti: t* ^,•v.! .IraMi v-rtica*./ p:i:^- ^ slit which is scanned 

'v t/.'^* rcaoinK h.ead; th.at is, the ^^lat hea . ystem line 
.cav. 1- ac jorrrl i^' >.ed hy scannlns: head TTioveTr.ent while in the orim 
■•.v:"c"rn lin*^ sca'irr.ivi? : accorrn I i:^!u'd hy drun rotation. The rain 

iv .ir:t .i ;! J "'/'w-: :.vst^'r^ Is s: r^vler operation *:iaT^. the tvvvImW': drur 
-v-Nter, i o^^»/r.itor has oT^Iy to feed ihv do^ju'^ient iT:t<? m s!o^ ir 

rH.. ^;.;it^i ^ht". f »csi*?i.!e t ran^rritter . Since thv »TK^chanisni is enc^ 
Aith^n th..' ^'M.:;^/ of the imit. ! .ore are f^wer '^KKntoi;:ince pT'o^^'v-^s '/'^e 
t > .1:^^ Mn ■ !:':]dentul danage . In iddi^i'>T^, ^nliVe - lie rcvolvin-- — 
net-- v\:r* ' of the docr-e-^t hr ^ rvirv-^r^ • t ^ v ; 

rvO: \r.\v^^ : '^A' ] V constrained, allowing, odd-sized docuPH'nt- ■ -e;- 
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'/tjcun^vi*: -:.:,}::::,: rai th the *l:3t i^od :';ys*'e^^ i c^vn: '^y 
r^hoto •^♦^n ; ^ t- • ve device r^laced at *:he eert^r of i-cv^r ■ • ^-^v 

l-.;n:> •y/.V.^:; ''-^ee "ii^'jrr- . • ach lens is aj ^ * ^ 

the li-'h*" r'/flected ^ro*^ i noint :tlonp th<: cvoo--'^ ■ • M *: ^*'*a ''h-' 




ic^ure Document '^c.iv.nl^'^y^, "'C'z'Mini^^. Por the Flat lied 
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photosensitive device. Lino scannin.^ is accomplished by rotating 
the wheel at a constant rate; as the wheel rotates, each lens in turn 
"sees" a point traversing a lif^c v>f the uocument exposed through the 
recorJ m*; slit. 

\^ each lens system reac'^cs t:\o orui of the slit, it leaves the 
view of the photosensitive Jcvlcc xivJ replaced by the next lens 
system on the wheel; in the meant imc , th^-- document has been drawn 
t"orv.'ard so the next lens system "sees" a !iew line on the document. In 
this manner, the document is sequentially scanned without requiring the 
sc;inni.ng head to retrace quickly at the end of each line, as is done 
in a cathode ray tube. 

ThL' signal resulting from optical scanning of the document, after 
being processed for best reception over the particular communications 
network used (typically voice-grade telephone lines) and being trans- 
"^i^-'-J. '. - r^'ceived bv the facsiriU- rt'jeiver cu\d must be transformed 
ZQ hard copy before it is availai-^le t ? the user. This task is accom- 
plished by a writing head at the receiver scanning a piece of paper in 
the .;ame sequence as the transiriitter scanned the original document. 
T'-e wTitin^i head marks on the paper where the transmitted signal indi- 
•a»-os 1 dark area was beins: scanned. ''Some facsimile receivers include 
a ^witchable inverter allowin-; either positive or negative ima,:cs of 
the original to be recorded at the receiver.) By this means, the entire 
document is reassembled at the receiving point. 

For the received document to be of acceptable quality, the receive- 
must be correct time ?ind pha'^o synchronization with the facsimile 
tmasmittcr. '"(1; Por exanrr)!'-', * tho rcceiVT is operating at a ^aste^ 
^cinnin'^ rate than the tran'^mitter . each subsequent line in the received 



Jocument ho d.snlacea hv^ri .:ontal ly. Iti a ix-product ion of a 

tv-^ewrittcn Uocumcnt, as eacii line of typo will he reproduced by approx- 
imately rour scan lines, the type.! lines :md individual letters will 
be at best sLuited; at worst, the received document will be illegible. 

Phase synchronization ret'ors to the receiver writing head's 
r'^lativo position alon^.^ the scan lino with respect to the reading head 
v5f the transrittor. ?-or oxanplo. slmulJ t'r.o writing head be in the 
riiddle of the soan line when the roaJiiu- head is at the beginning of 
the scan line, the reassembled document wtnild have the original docu- 
ment's margins in the Twiddle of the sheet, the left portion of the 
ongir.a! on the right side of th'.' received inane, and the right 
portion of the original document on the left side of the reproduction. 

To maintain time synchroru zat ior. between units, each has a crystal 
derived tia>e base. The design exploits the crystal '.s property that it 
w; 1 1 os:;llite stably at one ^>o.: aviicy , which is determined bv its 
physical dimensions. By puttini; p.atched crystals in the time base 
of both the transmitter and thv receiver, both have n standard from 
A-hich the scan rate can be synthesized. (30) 

To accomplish phase synchronization, the transmitter generally 
sends out a series of pulses correspondinp to the scanning of the mnrqin 
for a reriod of time before betiinnir-'tj the scanrinp, of the document. 
At the receiver, a system of brakes interrupts scanning until the 
receiver is scanning the margin at the s,ame time that the transmitter 
IS. At thi,-; point, the facsimile transmission begins. 

Because crystals are temnerature sensitive, the scanning rate 
if th-^ r->.:'^iver and transmitter wii: neve- ho exactly the same, ""-or 
normal length documents, while some dri^t, alnnfr with the correspond if?: 



phase shift, will occur, it will be so small over the time required for 
the document transmission (typically six minutes for a standard sized 
page being facsimiled over a voice- grade telephone line) as to have 
negligible effect* When a very long document is facsimiled without 
periodic resynchronization , as is j>ossible with the flat -bed transmitter 
however, the phase error would cumuhitive, possibly resulting in an 
unacceptable transmission. For this reason, while a flat -bed facsimile 
transmitter may be used to transmit udd-si;ed documents which could not 
be accommodated on a revolving-drum machine, there is a practical limit 
to the maximum document length which Tiay be transmitted without 
resynchroni :at ion . 

Facsimile Recording Methods 

The reassembly of the facsimile transmission has traditionally 
been done by a modulated light bulb shining onto a piece of photo- 
^ra:>hLc piper, requiring a darkroom and wet -process developing before 
the image could be viewed* This lengthy and costly procedure is 
unacceptable for use in modern business environments, prompting manu- 
facturers to develop several alternative Tiethods of recording the 
received signal * 

In percussive recording (31), ordinary paper is pairP'^ with a 
sheet of carbon paper, and a stylus strikes the papers wherever a dark 
spot is indicated* If multiple copies are desired, several pages of 
ordinary and carbon paper can bt* interleafed. Advantages of this rethoc^ 
are that no mixing or storage of chemicals is needed, the documents do 
not deteriorate greatly with a^c, and the recording process and result in 
documents are odorless. A disadvant airo is that the received document 
cannot be viewed until the carbon paper is stripped from the document; 



thus, it :^ harJ to Jetocr an.! it^.terr!-- ,t ficiilty t ransnission. 
Mso, carbon paper deteriorates with Uk'.o, so for best results fresh 
carbon paper must be used. 

In electrolytic recording, a damp, chemicc^Uy impregnated paper 
IS irawn over a writing edge of st »;nles- steel; a writing electrode 
scans the other side of the papor arui oa>asv'S local darkening by passing 
in electric current through tho da-p pi",.r. .Vi advantage of this 
iH?thod IS that faulty transm: ss ion-A ray ' e quickly terminated. The 
paper, however, may have chemical odors; -t deteriora both on the 
shelf and after recording and it na> dar-ago documents i- . iced adjacent 
to it in a file. 

In the electrosensitive nK^thod of recording, (51) a white surface 
coating on the paper is locally destroyed by the passage of an electric 
current flowing from the scanning sty'.iis. This exposes the black 
vjb>urf:ic-? 'jndemeath, recordir.t: a Hiack nark. The ^i^ecial paper used 
LS ex^^ensive, is dajnaged by pressure, and may emit objectionable fumes 
during recording. An alternative involves using a film of aluminum for 
the varface layer; current from the scanning stylus causes melting of 
the aluminum, which then recedes because of surface tension revealing 
the black ^ub^urface. This paper is cheap and is odorless in use, but 
it:; unconventional appearance may be object ionable in some cases. 

In electrostatic recording, a surface charge correspon ling to 
d.irk areas is deposited on a special paper having a dielectric coating 
xbivb prevents dissipation of the -surface charpe. As the nacer 
irlvance'^^ ^^yond the rccordinvi ro-^i^ior, it imdt^rtToes a devclopTnent -^rc- 

:^ in w^^i'.rh ronrr powci^^r : " ^'iv^': to t*v? !):irer hv the 

deposited elect roi^tat ic charp^n. Tnv- p-tper is then pnssed over a 



heating element which fuses tho toner pjwUcr to the paper. The 
resulting image can be viei^etl :i minute or so after it has been recorded* 
This method of recording does not work wcl 1 in humid environments 
where moisture might allow the siirface .hari'.e to be dissipated before 
the image jan be processed* 
5.1,3 Signal Vfedulation MethoJ> 

Before sending the facsimile ^i:n.il from the transmitter's scanninv.^ 
head into the communications s>5teT try-ic.iUy, voice grade telephone 
lines) ♦ it must be processed for optimum reception by the facsimile 
receiver* This is generally done i:\ one of two ways. 

The signal may be only amplified ^>efore insertion in the communi- 
cations network, resulting in an amplitude modulated {;\M) signal. If 
this IS the case, before actual tran.sr? i ssion begins, two pilot signals 
are sent to t\e receiver- (SO) These pilot signals are DC levels, one 
with amplitude corresponding to the transmitter's white signal level, 
the other the transmitter's black signal level, and are required 
because unlike human speech, whose information depends mostly upon the 
shape of the signal and li^ttle on the speech signal's amplitude (i,e, 
if the amplitude of the signal is increased, it gets louder, but the 
meaning stays the same), the facsimile signal's information is con- 
tained both m its shape and its amplitude. The shape of the facsimile 
signal tells where the original document changed shades, while the 
instantaneous amplitude of the amplitude modulated signal indicates the 
shading of the point being reproduced* 

The two pilot signals are used to mdicnte to the facsimile 
receiver the levels which represent pure black and pure white, and nre 
needed because a communication channel's attenuation generally is not 



— -^s^ 



'able i3, Typical 'acs le Transceiver 
Soecl "'icr, •■ C!:vi .md Prices* 

Tfflnsm»^s«on Mode 



¥*K. Pa«e S»/e 



Manufacturer 



Modal fio. 



in X ♦n 



l'^ X i.M 



MO 



24 X cont, :! X cent 

IS X :?4 13 X cy^r 
6 X cont, X cc^V 

> X "4 y 

i ^ X l-i 14 

3.'' X s > 



s/^ >, 

X v'^ 4 
:4 X r 

'> /^ X 1^ 



4^ - 



150 
4.3 



Modulatton pet/ n < 
VSBAM 



VSRAV 

AM - 
AM 



Mak. 

Resolution* 

Hon/. ''^eV 



Of, 



10.3 

:.4 



IV 



5?C 

-OC'?'^ (Pec)' 



«x 15 
8X3 



< ^ 0 ! 

9.3 X CQ^t 

y :o 



0.8 

0.? 



0.3 



VSBAM 

VSBAV 
VSBAM 



''■J 
ft- ' 





:x 


8. 


C X 14 




■ X :4 








8. 


5 X :: 




' < ' 1 








3 


^5 X 




X 11 










s X 




X \\ 








?5 


'.' ■< 11 




■ y ^ 








3 






'■ V 1 * 








S 


X 1 : • 




1 1 






»'"f ■ ■ 




X zof^\, ^ 




X "ZC^*. 






■ A 'J 








" y 


, ^ J 














1 l^ry 
* . J 






y 


'■ X CO-^V 














X 


















■ .'.int. 


1 .-^i 








'i X \ : 




. * ' fjr! 










^ X :: 




X ':ooV 








?» 


Syr 














- y : 














^ y 














'■ K 1! 




' ;• 





?.d/4.8 - 



2C0 



^lyi"T "Dot ^".^ 



Appl i tude '^o&j]dti 
-S'deband AmoMtud*? '^odu^at'' 
t-'^ode-'^ay Tube) SC'^^n^rn, 



on 



Frequency ''oduiaticn; 
^E, Photoelectric scanninri; 



rr. 



f s 





r.i 


A. I X 












FV 






r- , 




L "oa ■least'?'' 


^ X :4 




X 14 






1,4 


VSBAM 












? X 14 


^) 


y :i 






1.4 


VSBAM 






pt' 






? X :^ 


'i 


1 - 






1.4 


VSBAM 










/ *• * V ' I 


^» X 14 


} 


X li 






1.4 


VSBAM 






r« ^ 




•" .'«» ^ 


9 X :4 


4 


X 1 1 






1.4 


VSBAM 










1.^0 


-> X :i 




X 






1.4 


VSBAM 












X 14 


■) 


X 1 ' 






1.4 


VSBAM 












?X 14 


} 


< 1- 






1,4 


VSBAM 




3 






: ; 


9 X 1- 




X 






1.4 


\?BAM 










v«< 


1 X 14 




<. 1 • 






1.4 


VSBAM 












? X :4 




X 1 • 


IHC 




1.4 


VSBAM; PM 






PC 






^,5 X 11 




■) X ron*. 






1.4 


VSBAM 












i^ .'^ X 14 




< ZO^*. 


1 i 0 




1.4 


VSBAM: FM 






P[" 






K.-; X cant 




X cc*^ 


" 






VSBAM: TM 




f, * 








■■ ' ■ y M 












V 


96 










X 1* 






















^ - ; .! 


3.5 X 












FM 


9*^ 











fM 


* 






FM 






i . w 


PM 






1,0 


t'M 








AM 








AM 








/SSAM 








AM 














9.1 


AV 
















^ V 








FV 








r Y 








'V 








rv 


-> 



















ERJC 



ERIC 
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.'VBBREVnTIO'lS USED: £1, Electrolytic; PL, ohotonraphic; Es, Electrostat^'c; 
'.yrcn^on'/^iVo-. by the oower-qrid wr/r^or-; a, - /r-hroni zHi^n by ^ntr^m^l 



frequency t.inrl..ir'J ; ^JA, -jn^ittended j^v.-er-nn 

1 



cr^n^tant with tirne, causinj; the rocoivor levels corresponding to black 
and white vo differ between transniissions . Thi*^ is especially true 
for VV t ransmis^sions over switched ci'^mmuni cat ions networks, such as 
the telephvM^.e network, where :\ Ji^'tVrcnt t ransn^i ss ion circuit, with 
rc^ultin^: different path ! oss . w i 1 1 he likely to be used for each 
trarsr!^: ion. Thus, for \M sii^nals, f iilure to recalibrate the fac- 
siT.ile recv-.ver l>ofore each transrris> ion could result in excessive loss 
't contrast m V\o received P'iu>;e. '"eca 1 1 hrat i n^^ before transmission 
ivo-ds i\m< problem. However, recal i brat ion cannot compensate for 
j': m^o^ in rrin>n'ssion patii lo^< durin- the transnission of a fac- 

-ignil, which can occur, for exaT!^plo. because of the switchinR 
■^t other I:nes in the telephone syster external to the particular 
telv^^h.^n.e line b^^-ing used. 

-o avoid these probleins, ;nost ^acsi^ile systems employ frequency 
-nouu :.:it '-d ^^"V} sit^Tuils: ^or u-'j wrth "> kH: bandwidth voice-grade tcle- 
r^hone Iin-s. for exarple, i 2,1 k!l: rono will correspond to black, while 
1.5 or 1.3 kUz will correspond to white. Similarly, shades of grey will 

repre^^M^tcd by tones whoso t re:::!'.'ncies lie between 2,1 and l.S kWz. 
A; the;e fr^^^uency nodulated -ikrnals ar-j little affected by chan^^inK 

the calibration -rnhl--; i - k iated with amplitude- 
"lodular-'j ^::;n::iN are a vol dec!. 

\ li^^-mLT of available f'i;.'> i 1*:* transceivers, along with tbetr 
^reci t^iT jt ? on- ^ind prices, ^iven in Table IZ. 

SLOW SC;VV THLrvTsroN (s^T\n r^:) 

;n i cj"^ ions in which. Kr^^hic-^ art- be trnnstnitted over ri 
/orninijn 1 c i t i networV but n^ :Mrd orin'/r or ncroform) cupv is 

required, SSTV May alr.o be used. Its t rmsmi i on ♦^^^^c^n iques are 



similar tw^ racsimle's in that a ^til! ohioct slowly scanncv! by a 
television camera, resulting in a siiMial which may be transnitted over 
a 1 jv*-handw iu..h commimicat ions svstep. l>isplay of the received signal 
c iv be acConpli>heJ by any tlis^^lav with inherent memory. Two examples 
of siutahle displays are standard ^-ithode ray tuhes used in conTunotion 
'AiZh video -re fresh meuK^rie.s and the p:a-i"^a display panel used in the 
PLMO I\ educational communications s\ stem. 

Wore a standard CRT to be i;s-d v%ith a video refresh renory, the 
^^T\ si^na! would first bo recorded '^v the video refresh meirwry, and 
then plaved ^ ick repeatedly to the ::Tr as is done in the TICCIT systorr 
nai- difference is that while in TICCIT the frame is transmitted as 
I hi^h-bandwidth siy»nal lasting ' /bO of a second, m SSTV the frame is 
transmitted :is a low bandwidth s:t;nal uhich rny take minutes to complett 
t-e frame, a bandwidth vs. time tradeoff. (See Appendix A* I), 

uldition to the digital refresh memory used in the TICCIT CAI 
system, wiv.ch costs $560 per unit and has no grey-scale capabilities, 
;30; [51: ^^^vera] other forms of video refresh memories, notably silicc 
storage tu^e^ and magnetic discs, mi^ht find application in SSTV 
termi'^ai' ^5.^) In the silic^^r ^•'orat^e tube, a hi^ih intensity, 
jmr^i 1 t'.id --mudul ited electron '^e im : 'so^h!e*^ the TV picture as a pattern 
of cbariV'S '>y scinning <\ nor-c'v>'!uct it>v "target/' Once *:bo picture has 
been a^semioled, a low- intens i t v ^^I^otron fw^Tri can "read" the nocture '^y 
repeatedly vjannin;; the target. In doim: this, the nritterr nf /irirvt'.'s- 
on the tarjjet interferes with the electron beam so that the current 
from the t^^lectron heam arrivin;; at :i cc^rv;'uct ing plate behind t!*'» trr^.-'/. ' 
[' I f'jrc*: :on of the charge pritt^'rr or: tarr;e*'. ''i -.idv'irt of 



the silioo!! storage tube are !u>:!\ cost.* relatively slow erase ti?ne 
Ctypically five TV frames) (>4l, ana inability to refresh color 
dispUvs* (30) 

Vajjnetic disc recorders w\h:1J iIs. he used in SSTV terminals. To 
be ap:^lica!>le, the imlts woulJ to he al>le to record the SSTV 

.si<ral at its several second '^er r ran^.e t raiisT.i ss ivin rate, and then play 
the wOirpUte frame hack repe.it ^»ulv at I ,>()r!; ^econd iiitervals for 
d:.-plav on I >randard .yX . a-:;:- ..ic:: two-^-cod unit presently i 
a\a;laiUe, iiitachi offers a '^M-net:c d: >c recorder fc^r 5200 per urvt** 
-v^MC'^^ records i <tand;ird televj<:on frar.e as a f^-Mli FM signal which 
ray :hen he repeatedly played h jck :r, frane-grahher applications* 

The :^lasT)a panel displa> , uith its inherent memory properties, 
could ho used m an SSTV terT*:!i!l in place of a CRT and video^refrcsh 
7ir*!TH:)ry. To use the plasr.a pme!, the SST\ signal would he sampled, 
.i::d -*JcV. •t'";'!^: would 'H* ^: yWv] i point or^ the panel, turning: 

It on .^r -^ff, depending upon whether li>;ht or dark shadin^*'. was indicate 
T^j y\ i^^ii parcel joulj only c!iv,^J'iy tw(^-t^,.nie 'graphics'*"; however, i 

^.o^^e ruj.i:ed than cathode ray tJi'^o^ could he selectively crasec:. 

In any case, the required resolution of the display (and storapo 
c^ipacity of the display's nencry, Ahere apnlicahle) will ho dot erminet.^ 
''V trie nain use to which the ^^T^. teminal will he put. fixocrience 
A^t"^ ^*\T'^ Project Intrex fS^)? h:i> indicated that for displnyin?^ nnjic-- 

♦$600 per linit in VJ7^. (Zl) 

^tmI: nantitie*;, 

* xper ? ^'''nt conducted ^ave ^'^^^wr T,h-\^ v^i^^i pine! " c^:n di:-!'»I-'«y 
i^v'is*: t-^reo levels: onlv twD*]^*vei oanel .. hf)wrver. are cur-*c''i! ; 



from technical journals for short-terr. viewLnj^. 400- to SOO-line pairs 
per page (800 to 1000 lines per frnmc) is the lower limit on acceptable 
display resolution while for reaUinc detailed information such as 
sub- and super-scripts, mathcr. i: i ca 1 fo.Mnulas. -ootnotes, etc., Unntinv. 
-esolutrons of at least 1000- 1 :no ..nrs nor pac.c (2000 ImfS per frp.incM 
arc required.* 

Thus, .in interactive systoi. usoJ. rrir.ari ly as an "electronic card 
catalog" having the capability of illou users to briefly read select 
ed doca-nents to determine their content before ordering hard copies would 
require displays having resolutio:!-. of oMy r-OO-linc pairs por pn^e. 

Because the display's re.oluti.-n alons both horizontal and vcrtica: 
axes would be twice that of a >:andird broadcast -qu^* I ity display's 
resolution, tne display's video refresh r.eirory (VRM) , if used, would be 
required to have four times tho ^tora^e capacity for in the case of an 
inalo^i r.-iory such as a r.ar-etio d:-:. four tint's the bandwidth-t ime 
recording capacity) of a VRM used tr^ r^c-nerate broadcast -quality frar.es. 
Similirly. if the main use of the system was actual dissemination of 
, .v,.^^v materials by SSTV. special displays having four times the 
resolution and (where applicable;^ RV ^ having sixteen times the storage 
capacity of similar units used *o ,.r.erato broadcast-quality display:^ 
would he required. This would si^nH-uant when considerin.^^ the 
,losifi:r of a '^vsten which would deliver both CAT and document -qual it y 
SSTV to remote terminals, as visua! displays adequate for CM would 
^ros.iy inadequate for SSTV display of library r,aterrnls. Hir/n reso]n- 
.;.n ■;RT-.. are available. b.t , aion, wi-. '.H-ir associate' hnrdv. ^-c 



•These correspond respectively to muchly two and, four times the resolu- 
tior> of a -t.mdard broadcast -oual •*/ fra-rc. 
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are more complex and expensive than standard 'u'oadcast -qnal i ty CRT's. 
Prototv-pe plasma panels with lux element density of 00 linos per inch 
have been developed (57); thus, a 500- line pai rs per page display would 
require a panel 16,67 inches by 22.22 inehos*» while a 1000-line pairs 
per page display would require a 35.33 inches by 44,44 inches plasma 
panel , * 

3.3 APPLICATIONS OF FACSIMILH AN? TELEVISION IN INTERACTIVE 
LIBRARY SYSTEMS 

As -%e discussed in the introduction to this section, present day 
libraries have had to contend with risinp prices and the increasing 
amo'jnt of basic materials published each year which must be obtained 
to maintain library standards. One possible solution to the problem of 
providing better services might be to centralize library facilities, 
with distribution of materials via a broadband educational communica- 
tions network. 

By storing library materials in T.icroforn, storage space require- 
ments could be greatly decreased while facilitating machine handling 
of materials. Library users would have access to library materials 
through the interactive terminals of the system, possibly with the 
assistance of a computerized card catalog through which references 
:ould be o''^ t a i red by the ustT's answering of a series of questions allow- 
ing the corrputer to select th^.^ T.atcrial' rost likely to contain specific 
in format ion needed. 

Distribution of requested materials might ^-^c done by SSTV, with 
local electronic storage beini? provided at the interactive terminal in 
the form of audio cassette ccorders whic^ were remotely controllable 



*3:1 aspect ratio. 
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from the library materials distribution center, allowing overnight dis- 
tribution and storage of large volumes of materials. For one example, 
the amount of storage available per cassette c.-ild be computed as 
follows: The RCA Videovoice SSTV terminal set is capable of transmitt- 
ing a broadcast -quality SSTV fr:une (34) over voice-grade telephone 
lines of 3 kHz nominal bandwidth in 55 seconds.* Assuming the inter- 
active terminals were equipped with cassette tape recorders having a 
bandwidth of 13 kHz, a broadcast-quality SSTV frame could be trans- 
mitted as a 15-kHz SSTV signal in 11 seconds. Thus, an audio cassette 
having 5t>:.5 feet of audio tape (tn) minutes of tape at 1 7/8 inches 
per second) could record 1300 frames of broadcast quality per cassette.* 

Recalling that the lower limit on acceptable resolution for dis- 
playing a page of textual material is rou.^hly twice that of a broadcast 
quality frame and requires four times the bandwidth -time storage 
capacity, it would require 44 seconds of a 13 kHz SSTV signal to trans- 
mit a page of marginal resolution; 325 such pages could be stored on 
an audio cassette. Similarly, 176 seconds of 15 kHz SSTV signal would 
be required to transmit a high- resolution (baving four times the 
resolution of broadcast-quality frames) frame of textural materials and 
only SO ^uch frames could be stored per cassette.* 



*This is approximately equivalent to a 4.5 MHz frame in 1/30 sec. 
■ See Appendix A. 1 ) . 

** 1 frame ^ 60 seconds ^ 60 minutes * 1 hour ^, 4 tracks ^ 1309 frames 
11 .seconds minute hour track cassette ' cassette 

*1300 broadcasting 
quality frames ^ 1 high resolution page ^ 81. 25 high res, pages^ 
cassette 16 broadcast quality cassette 

frames 
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Because most interactive users would fitul the delay between frames 
exce:>,sively annoying,* the system rr.ast he modified to permit faster 
retrieval of requested fr;ines. Nev^lecting for a moment the time requir- 
ed to retrieve subsequent fra^>es for r rans?niss ion , it can be shown** 
that to transmit a high-resolut ioa rage in one second requires a channel 
hxndwidth (and terminal recorder '^.i:idwidtn , where applicable) of 2,64 
Mi!:, indicating that for on-line materials retrieval, slow-:5can TV is 
not an acceptable transmissioTi technique, 

3STV could be used, however, r^^ conjunction with the SCA channels 
FM broadcast stations to distribute textual materials having mass 
appeal L.^». non- interact ive^ over lar;^e sparsely populated regions 
where other alternative inf orriiat ion systems were deemed impractical. 
\ sin^ilar system utili;:ing the horiiontal retrace intervals in standard 
\TSC television signals to tronsnit newspapers to home facsimile 
receiver- \is been designed '^-v '"^'1; while there are no engineering 

obstacles to its implementation, a market for the service has never 
been established. Because of rising paper prices, a similar system 
usini; ^3TV instead of facsimile to transmit textual materials might in 
the future prove to be market iihle. 



•Experience with Project Intrex, a ten year research project at M,I.T, 
.onceming possible application:> of technoio;:y in future library 
systems (58j , has shown that delays of up to 10 seconds are tolerable 
:n retrieving the first page of i requested document, but subsequent 
pa^es should be retrieved ra;)ic'!y (in iess th^in 1 sec) to facilitate 
S row^ i n through the document , ^ "yb ; 

**As noted earlier, 176 second^ of 15 k]iz bandwidth SSTV signal are re* 
:;uired to transmit a hiijh- resolut ; on frame. If the frame is to be 
transmitted in one second, the bandwidt'^^ of tf\e signal, 15 kM::, must 

mul 1 Led 176 tidies t'wjt *:.hv b nuJw i dth - 1 i me product rcmaiHi 
constant, (see Appendix A,:j, Thus, to transmit a high resolution 
fr'ime in one second requires -uc^nril whose bandwidth is ]7f) x ]^ kl?z 
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In the design of any intoractivo library system, the heart of the 
system would be the microform storage and retrieval hardware, which by 
computer control could locate and retrieve for transmission microimages 
requested from remote user terminals. One such system, the Mosler 41U 
Information System manufactured by the Mosler Safe Company (59), is 
able to retrieve and display on independent remote television viewing 
terminals any requested unit docunei't i.e., tubulating card, aperture 
card, or microfiche) from a tile module within r.eT\, seconds. File 
modules can be multiplexed together to create system storage capacities 
in excess of one million unit documents. The price of the basic 
retrieval system started at $30,000 riOU,000 unit documents capacity), 
while its remote television viewing systems were priced $70,000 and up. 
Because of limited market for the system, it is no longer manu- 
factured. (60) 

A similar system, the 626 Information Storajrc and Retrieval System 
distributed by Varian ADCO, (S9) does not require a computer for 
operation and is designed for inexpensive modular expansion from as few 
as 10,000 documents to millions of documents. The system's optical 
search head can scan a file of lOOO mi crofi Im carriers in one second, ai 
t)-\'} system can display any dociTrert from 'i fi l.e on the system's sinrle 
mote display terminal within six >ccond';.* The microforins are viewed 
a video camera which produces an image with 1225 line resolution. (59) 
Controls on the terminal allow the operator to scan the microform 
along X and V axes, allowing frame selection. 

♦Presumably, the operator must indicate which file is to be searched, 
as the unit does not have computer indexint^ and to scan all of the 
files in a large system would take an oxce-sivc amount of time. 



A third system, the CARD/COM S(' VoJel JO!, is a storage/retrieval 
niicrofiche reader with a capacity ot" "5i) microfiche; aiiy franw? upon one 
of the stored fiche can be accessed *ind optically displayed upon the 
reader's screen within four seconds. . /ecau^e each frame on the fiche 
IS machine-indexed by a number- let ter comhinat ion , subsequent frames 
on retrieved fiche are accessible withm one second.* The basic unit's 
price IS $4"'50, while a unit with computer interface permitting the 
CIVRD reader to be directly controlled bv a computer is available with 
prices starting at $7800. (3^J) 

It >hoald he noted that none of these units (or for that matter, 
any presently available microform storages/retrieval units) combine all 
the features needed for use in an interactive library system. For 
an interactive library system to be as convenient to users as open 
library stacks, its storage/retrieval system would have to combine some 
fe:itures of all the urats me::t:ioneu. in addition to other features. 
First, :.t would require a large enough capacity to store a significant 
niomber of ^nicroforms; were the doca^ient collection of the interactive 
-ystem too small because of tlmited storage capacity, the system's 
s^jpport H,i;e would suffer, which would probably cause the system never 
to '^e built. Similarly, alt'houyh each retrieval device (usinq single 
frame t rar ^nii ssion techniques and frame grar^hers at each user terminal) 
could simultaneously serve several user terminals, the document file 
need have multiple independent retrieval units. Otherwise, excessively 
long queues for the single retrieval unit might develop. A further 
requirement would be that individual microforms should be accessible 



*The CARD reader, modified for ase with remote video displays, was used 
1 r: Project Fntrex, In wHicn the 'yr^^j v-cond tirif ] inut w:i^: dete rni n^d . ^ 



to several users sUultaneouslv. tins .« not ,,..soh.,ely mvcssan . 

for viewing standard works in solccteJ fields, current nerioOu-als. etc.. 
it woulJ greatly increase the syste-^ user's convenience. 

To facilitate hrowslns. the ,y,te» should K- ahlo to perform ini- 
tial document retrieval with.n ten seconds. uUh display of suhsequentlv 
re„uestea frame* withir one second. Vhis would -rol.ahlv re.uure the 
re'r-.eval syst« to have two-level stor:i«e; th.,i is, n,.un storage 
faciUtv .„ which mcroforms not :r, use would he U-pt , and a buffer 
storage fron wh.eh microforT^s in use could quicVly he accessed. To 
further f..c:litate speedy retrieval o-' -.uhseouent fr.™s. the miero- 
forrus used would need to have .t ei.'.n d: .ed fon-at to allow r,achine 
ITidexin? of individual frar.es. 

Finally, the storage/retrieval ur.,fs Inafie scanners and s.snnl 
processing equipment must be considered. The InaRO scanners must of 
course be canable of reproduce, fru-es wi-, a vesolutior accoptahle te 
the user. In addition, they should he dependable to reduce the ..mount 
of maintenance re4uired. In -'roiect Intrcx, microfiche scannU,. w.as 
accomplished through the use o^ lenses and a photomultlpller tube. (61> 
Today, th:s could probably be do.e -or- rell.ahly and inexpensively by 

char^e-C3upled devices. 

recently, intesratcd circuit arravs of char,-,e-coupled devices 
rrcp.s) have been made commerciallv available by the Rcticon Corporation 
and Fairchlld Semiconductor. f62, '>3, 64) Cons istlns of arrays of 
photo-sensitive se^^iconductor devices, each device accun,ulate5 an 
electric Charge proportional to the amount of ll*t falling on it. «.cr 
. the devices are .serially scanned, the output a -..nal K-»v«for« 
corresponding to light and dar^ areas ns perc-ived by the crP array. 



-107- 



Advantages of CCD arrays over vacuiun-tube sc;mners include rugged* 
aess, high dvnaniic range, and low voltage and power roquirements * 

Because the microfora storage/retrieval hardware will be shared 
among many remote users, some t'om of codinj; specifying the destination 
of the retrieved frame *s signal will l^e required. This can probably 
be provided in the same manner as is Jone in the TICCIT-CAI system. 
In fact, the network and terminals used by the interactive library 
system could also be used for i:AI with few restrictions.* In that case, 
the system coding for interactive library use and CAI would be designed 
to be compatible. 

Finally, depending on the availability of system terminals to 
individual users, provisions for obtaining hard (full-sized and/or 
rriicroform) copies of library niaterials must be Included among inter- 
active library services. In areas without extensive library services, 
rh:^ coulJ be inrplenented sirr.ply with t'.^lephonc ordering and mail 
iistribution of copies from the central storage facility; otherwise, 
this might be accomplished through the interactive system by facsimile 
transmission to remote facsim^ile receivers, with provisions for ordering 
copies from remote user terminals. In the latter case, because facsimile 
information must in general be transmitted more slowly than television 
informatior to allow recording on physical media, special allocations 
within t-e network for the slower fac-i^iile transmission would be made, 

*Specifically, the network described here docs not include provisions 

for sound programming or color displays, Audio-coiipression techniques 
^iiht be U'^'ed to transmit audio pro^ramminj^ for CAi during part of tho 
interval normally used to transmit the hiirher resolution frame recuirrc! 
for textual displays, Unfortunately, hec lusc color CRT's arc unable ^o 
attain resolutions greater than ftypicallyj 600 lines regardless of 
screen si:o, (f>S) the CRT's !:sed for t<^xtunl presentation must he black* 
and-wh i te . 



An alternative wouXU be to equip the remote facsimile receivers 
with memory systems capable of recording the tax signals tnuismitted 
at television rates for playback at rates suitable for recording; the 
facsimile signal on physical n^eJia, In this system, the orijiinal signal 
waveform would be provided by :m optical scanner of the microform 
storage/retrieval unit; the signal^ after processing;, would be recorded 
by a facsimile receiver such as rl\o AlJen 9257 Alspeed Recorder (59), 
priced at $9500 and capable of rccorJinv; fax signals with bandwidths 
from 3 to 48 kHz. Microform facsimile copies might be made using 
computer output microfilm (COM) techniques. 

A final caution should be nentionod concerning widespread use of 
facsimile with respect to existing copyri^;ht laws* Because the inter- 
active library system as described would be equipped to provide users 
with low cost copies of library materials, it could be thought of as 
a "mini-publishing house/' Having the capability of providing users 
with hard copies of complete volumes on microform at prices much less 
than the purchase price of the original work, users might find it more 
attractive to order copies cf full texts from the system than to 
purchase the desired texts* Tn these cases, the system would be 
operating in violation of copyright laws, which allow the copying of 
copyrighted materials only for "scholarly research*"* Thus, before the 
system could be legally implemented, present copyright laws would have to 
be modified, or a schedule of royalty payments would have to be arrangcc'. 



♦This was practical before the availability of microform copying equip- 
ment, as to copy a full text at five to ten cents per page would, 
while yielding an inferior product, bv i?enerally more expensive thtm 
buying the original text. 



Terminals for use with the interactive library system would likely 
include a high-resolution CRT display, a frame-grabber for video refresh, 
and 3. keyboard through which users could address the system. As such, 
the proposed terminals are very similar to the terminals used in the 
riCClT CAI system, suggesting that interactive library terminals might 
also be used with CAI. 

While black and white CRT's are available with 4S00-line resolution 
in any tube si:e, (65) there are no video refresh memories available 
having sufficient capacity to refresh a :000-line display. These might 
be realiied. however, by using multiple digital refresh memories (such 
are used in the TICCIT system") and addressing them serially. An alter- 
nate mentioned earlier, would be to use a sufficiently dense plasma 
panel display; if available, it would be more rugged and would not 
require a refresh memory. 

The network required for an interactive library system would be 
determined by the number of remote t-rriinals and the size of the area 
to be served by the system. As mentioned previously, a channel bandwidth 
of at least 2.64 MHz would be required to transmit a high resolution 
frai-ne within one second. More likely, the channel bandwidth chosen 
would :)e 4.3 viH; to allow the use of commercially available 
broadcast television processing equipment. The network itself could 
coTTprtse a dedicated cable system or shared channels on a community 
CATV system. Long distrance transmission between libraries might be 
provided by dedicated microwave links or arrangements with common 
carriers , 
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5.4 INTERACTIVE INDEXING CONSIDERATIONS 

The interactive library services already discussed have the 
potential to make libiary usage more convenient while partially solving 
the present materials-handling problems which libraries face. In a 
sense, however, these hardware-oriented approaches are not innovative, 
in that while they would provide more convenient methods of accessing 
library materials, the means by which users search the library collection 
would only be mechanized, not im|^roved. It is to this aspect of 
library services, interactive indexing, that this section is devoted. 

The rapidly ^^rowing volume of textual materials, while posing a 
handling problem for libraries wishing to keep their collections 
current, likewise poses a problem for library users wishing to keep 
abreast of the current developments in their fields. This is especially 
true for professionals (e.g., doctors, lawyers, engineers), for whom 
current development might greatly affect accepted practices. Similar 
problems are faced by researchers in the natural and social sciences, 
where lack of awareness of research being done elsewhere can lead to 
duplications of effort. 

These problems could be minimized in an interactive library system 
by the addition of an interactive index system having the ability to 
assess the content of its document base. This would enable the inter- 
active system to prescreen docuTrer.ts for relevancy, sparing researchers 
using the library much of the tedium associated with document searches. 
g= ' Also, depending on the comprehensiveness of the indexing system, more 

thorough searches of the library document base might be made by 
machine, especially in subjects largely unfamiliar to the researcher. 

i < > 




One oxojnpie of an interact Lve inJoxing system is tho Now York 
Times Information Bank, (bo) Dcsiv;ncd orij;i!ully to allow easy access 
to past news articles for reporters atul newspaper editors, the Infor- 
mation Bank is an on-line, interactive system that provides access to 
all news and editorial matter published in the New York Times as well 
as selected articles from some sixtv other publications. The Infor- 
mation Bank's computer faci lit, V, .:onsistlng principally of a high-speed 
processor [IBM 3'0/145] and hi.^h speed disc storage devices located 
in New York City, can be linked to CRT ..'rminals nationwide via 
ordinary telephone lines, either leased or dial-up. 

The material in the interactive data base consists of abstracts 
which vary in length according to the factual contents of individual 
articles; m many cases, it is thought that the abstracts will be 
sufficiently informative to answer users' questions without requiring 
■i.^jTs to consult the source articles. Th'^ .-ih^tracts arc indexed in 
depth, with index terms consisting of all significant subjects, 
geographic terms, a^id company or organisation names occuring in the 
articles. There is no limit to the number of index terms which may 
be assiijned to any one article; index terms are entered into the 
computer data base along with complete bibliographical information on 
the arti::le. 

To obtain information from the data base, the user signs on at 
his terminal and then enters several sndex terms describing the sub- 
lect in which he is interested. These index terras are then individual! 
checked by the system computer against a machine -stored Thesaurus, a 
printed copy of which is available to the user at each tenr^inal. Tf 
the inde^ terms do not match terms within the Thesaurus precisely, a 
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brief dialogue takes place between the user and computer, during whic^ 
the user can select the appropriate index terms from lists displayed 
on his terminal screen* 

The messages that forni the vomputer's part of this dialogue are 
in terse, non-technical English. After the user selects his index 
search ternis, he may, if he wisho*^, restrict the search according to 
bibliographic criterion such as date, source, etc. The user is then 
asked to form the index teni.s into a 'lo>;iCal search request"; that is. 
using the Boolean operators WP, NOT, an J OR, the user requests the 
computer to search and conparc several files concurrently and to 
retrieve only those articles contained in the subset specified by the 
logical search request. An txample of a tvT)ical inquiry might be: 
•'McGovcm OR Ea^lcton AN!> Israel OR Suez Canel." 

This logical search request woulJ caii^ie the Information Bank 
computer to select niaterial cn Senators McGovem and/or Eaglcton in 
connection with Israel and/or the Suez Canal* 

As soon as the logical search statement has been entered, the com- 
puter searches the designated files. Having selected the desired 
material, the computer then gives the user the choice of having the 
material sorted chronologically in normal or reverse order. The user 
is then shown the first abstract selected; he may look at the abstracts 
in the order they have been sorted, skip through the listing of abstract 
or have any abstract printed on the hard copy printer supplied with 
most user terminals* Complete bibliographical data is supplied in case 



the a:>er finds it necessary to re for to the source article.^ Should 
the user fin^l that his search statement was too general or too limited, 
he can alter his search spcci ficut iwins and initiate another computer 
search. 

The development of the Time^ Iriformtiou BiinK cost in excess of 
three mlU^n dollars. Tresonrlv^ a full-scale marketing effort 

1 ! Cranes , and 

;n^^r";ai.,r .:.*nrvrs . uruieiwiv. c r : ptioi:> are offered at prices 

ranging from Sb^'S per month to S1350 per months exclusive of terminal, 
communications line cost, vind nMcrofiche document base; the sub- 
scription price is dependent upOTi the anH:)unt of use and time of day for 
use the subscriber rei^uires. The New York Times on microfiche costs 
$J00 per year. Terminal costs are about S5S0 per month, while the 
communications line cost will depend on type of line and on distance 
frjm New YorK City, \n additional plai^* for universities and public 
libraries entailing installation of i term.inal at minimal charges and 
then charging for Information Bank services on a per use basis is 
also under consideration.** 

It is evident from the cost data on the Times Information Bank 
that -similar systems suitable for i:sc with the large document collection 
of an interactive library *^ystcm would recuire a large support base to 
make the interactive index system economically feasible. To obtain these 



♦It should be noted that the source arti< les are not available for view 
ing over the Information Bank terminal. To view source articles, t^c 
user must consult either the inst i tut i or • s newspaper collection, or t'le 
New York Times or microfilm through coTuention microfilm viewers. 

♦♦The Brooklyn Public Library is current 1} offering the public access to 
the Times Information Bank on a trial basis. (67j 



114* 



large support bases » and to increase inJox utilisation, interactive 
index systems might be designed for use by all of the interactive 
libraries within large geographic regions; such a system might be 
accessed over the same network used tor inter library loan transmissions^. 
In fact, since thi interactive index would prt^sumably contain a list- 
ing of all the documents contained in libraries witliin the region, 
and since the location of the documents oould easily !>e added to the 
bibliographic data in each document abstract, the interactive index 
system might be used to coordinate interlibrary transmission of 
documents over a dedicated educational network. 
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6. SUNftURY AND CONCLUSIONS 

6.1 PURPOSE OF THE REPORT; RELATION TO OTHER WORK 

We intend this memorandum to serve as a useful systems design 
tool in an engineering and economic studv of communications technology 
applied to education. However, it also includes much descriptive mate* 
rial useful to the nontechnologist interested in educational networking. 
For the engineering study, the memorandum provides an important part of 
both the background information and the analysis necessary to concep- 
tual iie and evaluate alternative communications networking schemes for 
the delivery of educational services. 

The background information we provide gives the designer of 
educational networks a broad engineering overview of the range of educa- 
tional services deliverable by communications technology. We review the 
capabilities, costs, and communications requirements of these services. 
As additional background, we give a brief description of existing educa- 
tional networks, such as those serving broadcast educational radio and TV. 

The analyses we undertake are preparation for the evaluation of 
the performance and costs of various network design alternatives. We 
evaluate, and where possible, compare, existing implementations of 
communications network;> which deliver educational services. An example 
of this type of analysis is our comparison of VHF and UHF broadcasting 
for educational T\'. We cite channel availability, coverage area, signal 
quality, and costs in making this comparison. 

A second example of the analysis this memorandum undertakes is our 
attempt to predict how some new or experimental educational services 
will perform v^hen implemented in on operating net'^ork. In one instance, 
we analyze the effect of an above-average load factor on the 
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responsiveness of a proposed network for the TirClT system. oxpori- 
mental, interactive television system for home and institutional use. 

This paper's engineering work, orLentod for ono familiar with conmu- 
nications technology but not with it^ educational applications, will not 
suffice as the sole source of information in the formulation and analysis 
of alternative networking schemes, rhis effort is of wide scope: it 
must, to produce realistic results, consider -^uirkets for the services 
delivered, organizations for control :ind fundi tiiz of networks, and many 
other issues. However, the information we present, when used in 
conjunction with other available results, should provide a relatively 
complete basis from which to work. 

Some of the additional rcs-jlts needed are technical in nature. 
To formulate realistic designs, one needs a basic understanding of 
the potentially applicable comrjjni cations technologies, but this 
information is available in rurerous texts, journal articles, and 
design handbooks. Therefore, our work discusses these technologies 
only to describe the limitations the technology puts on the services it 
delivers. To cite one instance, the coverage area and signal quality 
of AM radio depend on propagation characteristics, bandwidth limita- 
tions and transmitter power. Our memorandum discusses these limitations 
m the specific context of describing how they effect the quality of 

educational radio. 

In addition, a number of other issues, not snccifically tochnicD', 
will determine the success of the network configurations formulated. 
Two examples are, first, the identity and the needs of users of the 
network. ?ind second, how and by whom the network could be contr(?l!cd mJ 
supported. This memoranduTrt do*--^ not cons ider those topics, but they 



have been the suhjoct of intensive research at the Center for Pevelop- 
ment Technology and elsewhere. The results of much of the Center's 
work in these areas are available in compiinion documents (b8-7S). 

The rest of this summary section briefly reviews the work of 
the memorandum- This review is intended to liighlight the conclusions 
we developed in the course of this work. 
6.: RESULTS OF THIS REPORT 

We bejin by describing and analyzing one communications technique 
presently delivering educational services, broadcast educational radio. 
Radio broadcast nllows inexpensive distribution of non -interact ive audio 
programming to large audiences. We review the history and present status 
of educational radio networks. We determine typical costs for station 
equipment and derive areas of coverage as a function of transmitter 
power and antenna height for both ,\M and FM radio. We also discuss the 
ivi: lability of channels for each, and using our cost and performance 
data, compare the amount and quality of programming each could provide. 
The comparison indicates that for most non-interact ive audio educational 
programming, FM radio, with costs similar to AM, available dedicated 
educational channels, higher fidelity, and ability to distribute 
several channels of programming per radio channel , is superior to /VM 
radio for most educational uses. However, in cases where large, 
sparsely populated areas are to be served, AM broadcasting might pro- 
vide the only practical broadcast distribution method for educational 
radio. 

Wo examine VfiF and UHF educational television similarly. We 
determine typical operating and equipment costs, :ind we derive radii 
of coverage for various combinations of transmitter power and antenna 



height. Our comparison of VHF and U»F channels indicates that, because 
of its higher possible coverage and the existence of superior VHF 
tuners in most existing privately owned television receivers, VHF 
television is technically preferable to UHF television for distributing 
educational programming. However, because a limited number of VHF 
channels are available, many educational television stations might be 
forced to use the UHF channels and suffer the associated p nalties. 

In an attempt to indicate some of the options possible when 
designing a CAI system or implementing other interactive educational 
services, we examine two experimental interactive networks with educa- 
tional applications. These systems are Mitre Corporation's TICCIT 
systems and the University of Illinois at Champaign-lJrbana*s PLATO IV 
system. The TICCIT system u»cs a minicomputer to provide CAI services 
either full-time to 128 dedicated institutional terminals or part- 
time to up to 1000 home terminals, a number determined by cable 
capacity. We list the types and costs of the equipment needed in the 
proposed or implemented TICCIT systems. We also analyze the TICCIT 
system to predict exactly how much service it can provide to homes 
connected to the system by a cable television network. To do this 
prediction, we perform a queuing analysis of the proposed TICCIT system 
to be built in Stockton, California. The analysis indicates that, on 
the average, there is little chance of users having to wait before 
receiving TICCIT services. However, this result is quite sensitive 
to parameter variations. We note, for example, that there is a 
possibility that users might experience obje.:'t ional waits before scr ice 
become available during the high- load evening hours. One of our 
figures shows that an increase of only 1)\ over the average system 



load factor could increase twofolJ or more tho probability of having 
to wait for service. 

We next examine the PLATO IV system, which uses a large general - 
purpose computer and innovative display technology to allow versatile 
CAI to be distributed long distances over low bandwidth lines. We 
examine system hardware costr, ai^d the amount of service the PLATO 
system provides. We find that the present developmental PLATO system 
can serve only 1000 terminals (rather than the 4000 terminals the 
system is designed to serve) because of the heavier than expected load 
that users are presently placing on the system. We also analyze the 
a5suint)tions concerning the amount of system use that can be expected 
(which affects the cost of instruction per student contact hour) and the 
cost of producing sufficient courseware to attract enough system use 
to ensure that the cost of PLATO CAI remains reasonable. As a general 
conclusion, we find design assumptions made in these areas by PLATO'S 
developers were optiTnistic. 

We examine the Bell System's proposed Picturephone ® service, 
a third interactive communications network and the only one with two- 
way, point-to-point video capability, for its applicability in carrying 
educational services. Because of its low resolution and high 

■ R) 

communications cost, Picturephone if implemented in its planned 
form, is unsuitable for use in many forseeable educational communica- 
tions applications. 

We study the technologies which might be used to supply inter- 
active library and document transmission services over future educa- 
tional communications networks. We analyze facsimile and slow-scan 
television currently in use for document transmission, and we find that 



these systems ^te likely to be too expensive and inconvenient to 
be widely useJ in future eJucitional ap: 1 i cat i ons . However, facsimile 
might be used to supply document transmission to regional terminals, 
at which point users could pick up requested materials. 

We discuss the resolutioii requirements of the displays which 
would be needed to provide irtcractivo library services at user 
terminals, and determine the various display/refresh memory combina- 
tions which might be successfully used to meet the requirements. We 
describe the features of the selection iT^echanism needed in a remote 
microfilm-based librar>' system, and we describe a promising and rela- 
tively new development, interactive indexing systems* 

This information about, and analysis of, possible services which 
can be delivered by educational communications networks, will provide 
a basis for our future research. The work we plan will be a systems 
^v^.thesis effort, in which wr will attempt to design and evaluate a 
set of educational networks capable of delivering different levels of 
services to potential home and institutional users. Relatively 
unsophisticated delivery networks may develop. On the other hand, 
educational services might be carried to terminals over the unused 
capacity of CATV networks, or perhaps dedicated networks for education 
may develop; we will consider the range of possibilities. By designing 
a set of networks to provide different levels of educational services, 
we will attempt to find a level at which we can provide the most 
versatile educational service package possible given an estimate of 
the available user support. 
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TEgiMCXL PROPERTIES OF INF ORMATION 
T R,\NSMISSION \\P DISPLAY 

To understand some of the constraints cuid tradeoffs involved in 
the design of educational networks, sone of the technical properties 
of infonnation transmission and display mst be considered. These 
concepts allow the network designer to balance the rate of information 
transfer within the network against the quality with which the informa- 
tion is finally received; in doins so, the designer can ensure that a 
given network will provide educational services as efficiently as 
possible. 

Two concepts central to iny discussion of electrical coirununication , 
frequency and bandwidth, relate to the rate at which information is 
generated or may be carried by the network. Frequency is an indication 
.^t the rate at which a signal is var>'inR; these variations are measured 
in Hem f.ii:), a unit equivalent to a signal variation of one cycle per 
second* Bandwidth, on the other hand, refers to the range of frequencies 
present in :i signal or to the range of frequencies a conununi cat ions 
channel can carry. As an example, human speech is made up of frequencies 
from 100 to 8000 H: (A to 8 kHz). Thus, to reproduce faithfully the 
human voice, a telephone channel would need a bandwidth of *7.9 kHz, the 
difference between the high and low frequencies making: up hunan :speecb. 
Most of the power in speech, however, is contained in frequencies below 
3 kUz. Because of this, the telephone, with its ^ kHz bandwidth (0 Mr. 
to 3 kHz), can reproduce speech that is intc 1 1 i t^iblc although sounding 
different from the speaker's voice. A person's voice sounds different 



over the telephone than it does normally because somy of the informa- 
tion contained in the speech wiiveforn tthe high frequencies) is lost 
during transTnission through the telephone system. 

In most modulation* techniques, each bit of information that a 
ijignal is to convey per second requires that the signal have a band- 
width of at least one Hertz [\] \ in some cases, in order to gain noise 
immunity or simplify the signal processing equipment iteeded, several 
Hertz per bit will be used. Because of this, the rate of which infor- 
mation can be transmitted over i channel is limited by the channel's 
bandwidth, Similarly, because the rate at which a signal conveys 
information determines the ranv.t^ of frequencies which the signal must 
occupy, it also determines the minimum bandwidth that the signal may 
have. 

We have already discussed how usins; three - kHz bandwidth telephone 
chrinr.els results in speech which is intelligible but of low quality 
(i.e., low fidelity). A similar measure of quality for the visual 
disDlavs used in educational networks is display resolution, which 
roughly corresponds to the amount of detail (information) reproduciblt^ 
in the display* Before discussing resolution , however, we must examine 
the methods used to transmit and receive visual images in educational 
networks , 

Ordinary television programming consists of thirty still pictures 
(frames) per second; because of the persistance of human vision, it is 
possible to produce on the television screen the illusion of continuous 
motion by rapidly superimposing a series of stationar>' frames- f;ach 

♦The process by which information is imposed onto a signal for 
t ransmi ss ion . 



television frame, in turn, is com^'^oseJ of S2S j^arallel lines,* each 
line being formed by an electron beam sleeping horizontally across a 
phosphor mask on the face of the television receivers picture tube* 
The electron beam in the receiver's picture tube is moved in svnchroni- 
zation with the electron beam which scans the iTnajje viewed by the 
television camera's pickup device (i.e., camera tube). By varying 
the strength of the electron beam in the receiver according to infor- 
raation about image brightness received from the television camera tube, 
the receiver^ electron beam sweeps a line having regions of different 
brightness :icross the phosphor mask of the receiver's picture tube, 
duplicating the line in the image viewoc! by the television camera. 
3y displacing consecutive lines downward, the entire image viewed by 
the camera tube is reproduced*** 

Ideally, the areas scanned at any instant by the electron beams in 
the television camera and receiver picture tube would be points, 
allowing consecutive scan lines to he positioned as closely as desired 
without having any overlap betwt-on consecutive lines. In reality, how- 
ever » the areas scanned at any instant by the electron beams arc small 
circles; because of this, consecutive scan liner* must be separated by a 



♦^"^f the 52;> lines, 48." are actually used in forming the telcvisior' fram- 
the remaining 40 represent the time during which the electron beam 
''retraces" from the bottom to the top nf the screen. 

**Rather than scan the 323 lines consecutively (i.e., 1 , 2, 3, 523) 
fir^t the odd numbered linos (1, 3, 5, 523} and then the even 

numbered lines (2, 4, 6, ... 324) arc scanned. This is termed inter- 
laced scanninij, and each television frame is said to cons.'st of two 
fields, one containinjj the .*ver -number ;c;in lines, tfto other the odd- 
number :^can lines • To complete the r»cann^n<j cf rach fiold requires 
l/t)0 of a second • Interlaced scanning :s nse.l to further reduce the 
flickering of the television image perceived by the viewer* (2) 



minimum dUtatu-c to prevent nvfrl;!^. .V.'.otlior coaseqiiotu-o of the 
are.i exciteJ by the electron In-ait' l^omj; .i small eircle rather than 
a point IS that m staiiJarJ to lev i -.on . eaci\ scan line can be 
thought of* as being conposeJ o40 areas, each of the area of t!\e 
fiectron beam t3U each of those areas contains the averaj'.o l^riijht- 
nes.s in tb.at region of the scan liiu^. ret>reseiits one pieco of video 
infornkition. and is termed a picture clomont (pel). The more pels 
per fringe, the more accurate is the reproduction of the scene viewed 
b>- the camera. 

',)ne measure of the accuracy of display reproduction is the number 
of picture elements per unit leriirth alonv^ the horizontal and vertical 
axes of the display**; this teined the display's resolution. Resol 
tion measured in lines per inch (equivalent to pels per inch in most 
displays) is an indication of the detail the display is able to repro- 
Juce; in video disr'lavs, rc-^ol'ition is often measured in terms of the 
nurJier of scan lines per frar.o. Resolution is also indicative of the 



♦In di>plivs comprised of discrete points, such as PLATO IV's 
'Plasma panel, or in television displays refreshed by digital 
refresh" memories as are used in the TICCIT interactive television 
system, each scan line is actually made up of a countable 
number of picture elements. In analog display systems such as 
standard television, while continuous (non-discrete) waveforms 
arc used, the maximum number of distinct areas in a alternating! 
iii?.ht-dark "checkerboard" frame that the display can reproduce 
i > "equivalent to the number of pels in the display. 

^♦Resolution along the horizontal and vertical axes is usually 
equal; if not, the display's resolution is equal to the lesser 
of the two resolutions along the axe-^. 



an\)^^t of video infornation contained in a display: the ;unoiint of video 
information is proportional to the square of the resolution. 

We will now examine the three tradeoffs involved in conmun i cat ions 
network design. The first tradeoff is illustrated in the use of three- 
kHz telephone lines to carrv' ei^ht-kH2 bandwidth speech signals. If 
trte rnessav;^* to be carried allows, the time rate of the messajje heing 
held constant, the bandwidth of the transmitted signal may be decreased 
as long as the quality of the signal reproduction remains acceptable. 
You can trade bandwidth (which, as discussed earlier, is equivalent to 
the rate at which information is being generated) for picture quality. 



1-\W2 bandwidth channels. Because a low resolution video display is 
acceptable to Picturephone users, the 4,5-^^Hz bandwidth channels needed 
to transmit broadcast-quality video are not required* 

The second tradeoff pos<;ible in Cvonmunicat ion network design is 
illustrated by the use of slow-scan television to send single broadcast- 
duality video frames over 3-kll2 l^andwidth telephone lines. In this 
:asc, because the frame is to be of broadcast-quality, the amount of 
information in thv SSTV frame is the same as the amount of information 
:n a frame of standard broadcast television. Unlike the broadcast 
television signal, which has a bandwidth (information rate) of 4,5 
W.z, however, the bandwidth (information rate) of the SSTV signal is 
limited to 3 kHz by the bandwidth of the telephone channel. To transnit 
a given amomU of information over a lower bandwidth (information rate) 
channel requires that the transmission be longer. This is the Key to 
tho second. t radeoff. Reproduction quality ')eing held constant, if the 




signals over 
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bandwidth (information rate) of a svst.m is rt-Jiuod. transmission time 
must be increased (and vicc-vt-rsa) . 

The third network tradeoff possible is illustrated by the disital 
video refresh memories used in the TKXIT interactive television systetr. 
In this case, the signals generated by the VRM imust be standard 4.5- 
\^\z b^mdwidth broadcast television signals; otherwise, they will not 
be able to be received on standard television receivers. On the other 
hand, because the TICCIT interactive frames contain only a limited 
number of alphanumeric characters or line segments, displays of less 
than broadcast quality art» accertable. To save money on the VRM. 
therefore, the TICCIT system Jes liners use a video refresh memory 
which records only one field per frame; this field is then transmitted 
twice per frame, resulting in a video display which has the full band- 
width but only half the resolution of a broadcast quality frame. In 
this case, (non- redundant) infornvition is beinR transmitted only SO" 
of the time. This is the key to the third tradeoff. Signal bandwidth 
(information rate) being held constiint, time can be traded for rcpro- 
auction quality (and vice-ver;a). 

The three tradeoffs discussed above nl low educational network 
designers to balance the rate of information transfer, reproduction 
quality, and speed of response of the network so that practical services 
can be provided over the network as efficiently as possible. Each of 
the media systems discussed in the main body of the paper can be seen 
to include such a compromise. 
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/XPPENDIX A.: 

DETAILS OF T»E DIGITALLY ADDRESSABLE RANDOM 
ACCESS IMAGE SE LECTOR AND RANDOM ACCESS 
A UDIO SYSTEM USED IN PUTO IV (I) 

A. 2.1 Random Access Image Selector 

The random access image selector used in PLATO IV student terminal 
can randomly access any of the 1/4 in. square images contained on a 
16 X 16 matrix with a worst *case time of .2 seconds. This is accom- 
plished by physically moving the matrix simultaneously along either 
of two Cartesian coordinate axes in order to position the desired 
image over a projection lens; this movement is done by a set of four 
pneumatic cylinders mounted in series along each coordinate axis. 

The stroke length of each cylinder is weighted 8, 4, 2^ 1, the 
length of the smallest being 1/4 inch. The valves controlling each 
cylinder are controlled by solenoids; when a solenoid is in its **on** 
position, the corresponding cylinder will be fully extended, while when 
the solenoid is in its "off' position, the corresponding cylinder will 
be fr ^y retracted* 

The weights of the four cylinders 8, 4, 2, 1, correspond to 
2^, 2^, 2^, 2^. Because of this, each coordinate in the film plane 
can be specified by four data bits, and each frame can be specified 
by eight bits* For example, if solenoid '*ofr' corresponds to a zero 
bit, and solenoid ''on*' corresponds to a one bit, the eight bits used to 
specify the picture in the ninth row and fifth column would be lOOlOlOl 
The first four bits, 1001, extend the row cylinders weighted 2^ («8) 
and 2® f*l) while retracting the cylinders weighted 2^ (-41 and 2^ (=2) 



to select the ninth row, while the last four bits, 0101., vouU extend 

^ 0 

the column cylinders weighted J" (-4) and 2 (=1) while retracting the 
cylinders weighted and 2^. Thus the frame with coordinates (9,5) 
would be positioned for viewing. 

Besides requiring low data rates, this selection mechanism is 
attractive for several other reasons. As the coordinates are deter- 
!?»ined only by the state (i.e, extended or contracted) of each cylinder, 
the mechanisni does not have to return to a zero point before selecting 
the next fraiite; this speeds the operation of the mechanism. Prototype 
models; tested had a maximum selection time of 0.2 seconds. The mechani- 
cal simplicity of the mechanism makes for accurate positioning; there 
are no adjiustments to go wrong. In addition, the cylinders themselves 
can be cheaply mass-produced out of plastics, cutting down terminal 
hardware costs. 

A. 2.2 Random Access Audio System 

The randojT access audio systen also uses pneumatic cylinders* A 
disk of Mylar-based magnetic recording material (typically twelve 
inches in diameter) is mounted upon a ^ gh moment of inertia, rim- 
driven turntable which rotates at an angular velocity of 1/8 revolution 
per second. Messages are recorded on 64 circular tracks , each track 
having been divided into 3." equal segr?ents of quarter-second duration. 
Through the use of half-track heads, which effectively double the 
number of available tracks to 128, up to 17,1 minutes of audio message 
can b^ recorded per disc. 

To find any particular message unit first requires selection of the 
appropriate track. This is done in much the same manner as the imapc 
^elector; i magnetic record/playback head is radially positioned by n 
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Act of series-mounted pneumatic cylinders with weights ^f#?i , 16, 
S, 4, 1, (2^, 2^, 2", :\ as in the image selector, any 

particular track can be selected for the magnetic head by extending 
or contracting the weighted cylinders, the correct track being 
identified by a six bit address. 

Were radial positioning only to be used, the worst case access 
time would correspond to one full rotation of the turntable, or eight 
seconds • To reduce this to an acceptable time, angular positioning 
is also needed. This can be accomplished by changing the angular 
position of the low moment of inertia magnetic disk with respect to the 
high moment of inertia turntable through linear translation of a heli- 
cally grooved turntable center shaft, 

A vertical groove in the center shaft is fitted by a keyed center 
hole in the turntable, forcing the .^haft to rotate along with the 
turntable. The shaft, however, is free to move up and down with respect 
to the turntable • To allow displacement of the magnetic disc, a 
helical groove is also cut into the central shaft to which the keyed 
center hole of the disc is fitted. As the center shaft moves up and 
down, the helical groove forces the magnetic disc to rotate with respect 
to the turntable. 

To determine the angular positioning needed, the present position 
of the turntable and the present position of the disc with respect to 
the turntable is needed. To provide turntable position information, 
markers are placed equi-distant along the circumference 
of the turntable which correspond to message unit boundaries; a special 
marker is used to denote the o" angular reference point of the turn- 
table = 0"*), A detector 'positioned along the fixed radial path of 
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the magnetic head ls connected to :i counter which is rojfet •tfi zero 
whenever the 0** marker is -iensed and ir\civments by one when each of 
the other markers is sensed. Consequently, the position of the turn- 
table iii known to within one inessage unit. 

The positioning of the disc with respect to the turntable is 
indicated by the state of the set of weighted pneumatic cylinders 
controlling the vertical position of the shaft. As there are 32 
Tiessage units per disc track, the set contains 5 series- mounted cylinders 
weighted , 2^, 2\ 2 ; the length of the shortest is A2 ^ 360** 

• * / 52 where > is the pitch of the helical groove in the shaft (i,e., 
one niessage unit occupies an arc of Moving the center shaft a 

distance causes the disc to displace with respect to the turntable 

560^ 

— or one message unit). 

Knowing both these positions, digital logic is used to determine 
the di.^c displacement needed, correct for spinning of the turntable, 
and cause appropriate displacement of the disc by setting the states of 
the center shaft's positioning^ cylinders. Using both radial and angular 
positioning, the worst case access time is 0.4 seconds. By dividing the 
the disc into 64 tracks and using a half track magnetic head, at one 
resolution per eight seconds turntable angular velocity, 17 minutes of 
audio may be recorded upon one disc- 



Reference: (1) Bitzer, K. Johnson, and D. Skaperdas; *'A Digitally 
Addressable Random Access Image Selector and Random Access Audio Systc^i/* 
August 1970, Computer-based Education Research Laboratory, University of 
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